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ABSTRACT

The evaluation of the nutritional value of the seeds of

Tetracarpidium conophorum (Mull, Arg,) Hutch & Dalza, which belongs

to the family of Euphorbiaceae, was carried out on four different
samples which include the raw, the cooked, the raw cotyledon and the

raw cotyledon-removed kernels of the seed.

The analysis shows that the raw seed kernel contains 35.49%
moisture (at 60 C), 40.30% moisture (at 105 C) both of which were on
fresh weight basis. The dry raw sample contains 40.3% ash, 95.54%
total organic matter, 49.16% crude fat, 20,62% crude protein (Kjeldahls
method), 21.06% crude protein (Nesslers reagent method), 25.76% total
carbohydrate, 5.78% soluble carbohydrate and a calorific value of
627.96 kilocalories per 100g of dry sample. The amino acid composition
showed some of the essential amino acids like isoleucine, phenylalanine
plus tyrosine and methionine to be above the values recommended by
FAOWHO (1973). Tryptophan was destroyed on hydrolysis and threonine

was no detected.

The mineral elements determined in the raw seed sample were
Cd: 2.26 ugg!, Ca 0.725%, Cu: 20.11 Ugg , Fe: 0.030%, Ng: 0.106%,
Mn: 0.010%, P: 0.86%, K: 16)4%, Na 0.076% and Zn: 62.17 ugg"
Cobalt was however not detected at the working concentration range employed.
Cooking was found to have led to the destruction of Valine and a
decrease in the concentration of other amino acids detected (with the
exception of aspartic acid). It has also decreased the crude fat, the
soluble carbohydrate and the total calorific value in addition to a
decrease in the concentration of a number of essential nutrient elements.

In particular, it decreased the concentrations of a number of
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antinutritional elements "ty increasing the potassium to sodium and
zinc to cadmium ratios from 21.58 to 33.78 and from 21.50 to 74.25
respectively.
The cotyledon sample has proven to have a higher concentration
of most of the nutrients than the other samples analysed. These

findings were discussed in terms of the value of the nut as food for

man and animals.
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CHAPTER ONE

INTRODUCTION

1.7 Justification for the Work

The evaluation of the nutritional value of plant food mgterials
is of paramcunt importance because ¢f the role they play a=s major
congtituents of the necessary foods required for growth and survival
by living organisms. MacCance and Widdowson (1969) reported that the
matritional and dietetic treatment of diasease as well as research into
problems of human nutrition demand an exact knowledge of the chemical
composition of foods.

Nigerian acientist, like those of cther developing countries are
conducting research in almost all fields of human endeavour and as
usual use laboratories to achieve moat of their objectives. Kutrition
ig one of the gregs of research in which rats and other asnimals are
uged as gsamples. This is due to the fact that inadequate and unbalanced
nutrition is one of the main obatacleg of livegtock production snd has
been a problem in human nutrition (Ega, 1986). Scientific and economic
feeding experiments however are baged on the provision of a balanced
ration, by which the animal is supplied daily with the correct amounts
of the various feeding constituents, necessary to maintain daily growth
and vigour {Wood and Woodman, 1939). The compounding of a balanced
ration or diet, necessitates a knowledge of the composition of the
various foodstuff employed, and the principles on which the calculation
is based (Georgi, 193h). 1t is therefore in recognition of the poten-
tial use of the seed samples analysed in the present work, for various
feeding and nutritional purposes that the researcher aims at discovering

the chemical composition of the sample specie.
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Moreover, in consideration of the vigour with which the Federal
Govermment of Nigeria is pursuing the attainment of self-gufficimey
in food production, emphasis needs to be given to such an anal /sis
that can furnish informations as to which specie of plant food
materials are of greatest nutritive significance to the people, Such
a knowledge will indeed assist the Authorities in marking out wnich
particular plant food materials need to be given special consideration
in such a drive as to provide the overwhelming population with suf-
ficient dietary food materials.

It has recently been understood that plant materials which are
regarded to qu:econd.claas quality are found to be deficient in one
essential mutrient or the other (Haikewal, 1969). It is however worth
mentioning that a suitable mixture of vegetable food materials may
result in foods with first class quality. For instance the lack of an
eggential amino acid in one plant food material is made up by ingestion
at the same meal of the other foods supplying the missing aminc acid
(Bga, 1986).

Quite a mumber of plant food materials consumed by a population
of a community are not nutritionally useful because of the amount of
toxicants occuring naturally or articially in them. The presence of
such toxicants could pose great hazards to the health and well-being
of the consumers, For instance, George (1973) reported that there is
an incontrovertible evidence that excess sodium raises bleod precssure
in pome humans, and that extra potassium is beneficial in some hyper-
tensives, It is therefore only through the chemical and biochemical
analysis that an evaluation could be made of the mutritive quality of
any one food material, especiall as regards its composition of both

nutritive and toxic components.
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Congidering the multifarious nature in which the present sced
samples are consumed, an evaluation needs to be made of the advantage
or otherwise of cooking the seeds prior to consumption and whether one
component of the seed kernel is more nutritionally useful than the
other, In addition, the claim that the leaves of the plant bearing
the seeds are useful medicinally (Dalziel, 1955) is a valuable inform-
ation for further analysis of the sample.

Proteins from animals such as birds and fish, milk, egg and those
from plants like the legumes such as groundnut, peas and beans are
expensgive but heavily consumed by humans. Therefore, the seeds and
fruite from many trees which are sparingly eaten by humans are often
not exploited and need to be 1nve-tigqted. Thorough research is
needed to evaluate the possibility of using these fruits and seeds a4
protein econcentrates in livestock feeding as well as in human food
(Bga, 1986).

These and many other factors prompted the researcher of the
present work to aim at:

(a) developing a comprehensive data bank on the chemical

composition of the analyte sample.

(b) finding out the chemical composition of the sample

needing further invegtigations.

1e2 es of S lﬂl._l.llld
The plant, Tetracarpidium conophorum (Mull., arg.) Hutch. & Jalza,

otherwise known as Asala and whose seeds are to be analysed is a dico-

tyledonous angiosperm, belonging to the family of Buphobiaceae (Figure 1.

[t is commonly called "awusa" (Yoruba), "Okhue" or "Okwe" (Benin) and

Ibuzo "akan otoli" (Ibo), (Dalziel, 1955). The Hausas in Northern
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Nigeria call it "Gyadar Yarabawa", meaning "Yoruba groundnut" because
it is brought to the North from the Yoruba part of the country and
teates just like groundnut when saten cooked.

The plant waa first reported from Sierra Leone, Dahomey and
B. Congo. Juget then, cultivation triaie, which were later reported to
be gpuccespgful were carried out in Nigeria. It iz a woody liane, up to
100 ft tall in low bush; leaves are globrous, ovate long and the margins
toothed, The base is broad and rounded up to0 5x3 inch and with slender
petioles up to two inch long and three nerved at basze., The male [lowers
are greenigh in narrow receme-like inflorescences up to five inch long
with one to two females near base, The pedicels are joined above base,
gstamens numerocus,style gtout becoming quadrangular and stigmas four,

The fruit is four winged ridged betueeﬁ wings and up to three inch
diameter. The seeds are subglobose and about one inch long {Irvine, 1961

The plant is sometimes cultivated in parte of West Africa f-r its
edible nuts, especially on recently cleared land. It starts fruiting
in ite Becond year. The seeds which are sold in markets are cooked,
and often esten with maize, The fruit contains subgloboge seeds with
a hard thin brown ghell and yellowish kernel (Dalziel, 1955).

The fruit yields LB8-60% of a golden yellow rapidly drying oil,
possibly suitable for edible purroses, for soap making and ae 2 sub-
gtitute for 1linseed ¢il in the varnish and lacquer industries (Irvine,
1961). For instance, the kernels of fruits obtained from Camerocn
yield up to 59% of a rapidly drying oil, whitieh yellow with agreeable
taste and gdour, having high iodine index and with physical and chemical
sroperties similar to linseed oil (Dalziel, 1955).

The seeds are eaten like Walnuts and in the lower Conge ragiom, the

people regard them as having the same properties as Kola, the icecal



vroduct being somewhat bitter, In Southern Nigeria the leaves of ‘he
rlant are used to "wash children so as to cause other babies to be
vorn"., The leaves are applied medicinally to treat headache (Dalziel, 19%:
Despite the fact that some parts of the plant fruit are edible, the
present analysis is selectively carried on the edible portion of the
rlant seed; the kernel, after removing the hard shell cover. The seed
kernel is chosen because it is reported to be the most widely consumed
(Irvine, 1961). Bach fruit however can contain up to four seeds, in

addition to the fruit juice.

1421 Source of Fruit Seed Analysed

Fresh samples for analysis were obtained from Zaria Railway Station.
iney were fresh, just arriving directly from the south western part of
the country. This measure was taken because of the report that tne
seeds do not store well unless immediately heated to 100°C (Irvine, 1961).

The hard shell was broken and the seed kernel removed., All the
sample analysis was therefore done on the seed kernel. Earlier, [rvine
(1961) reported that the seed kernmels are eaten raw or after the seeds
are cooked. Analysing the cooked sample was then necessitated by the
report that reduction in the amounts of certain amino acids can be
caused by the process of cooking, although actual destruction seldome
occurs (McCance and Widdowson, 1969). This prompted the analysis of
the cooked sample so as to assess the extent of the reduction in the

amounts of certain aminc acids as a result of cooking.

1.3 Scope of Analysis

The efforts made to evaluate the nutritional value of the sample

specie are mainly to determine its chemical and physical scores. The
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chemical score refers to all the chemical analysis carried out on the
food sample while the physical score refers to the evaluation of its
mutritional value by its energy content based on the resulta obtained
from the chemicgl analysis of the food sample (McCance and Widdowson,
1969)

The chemlcal analysis done comprised of the determination of the

proximate constituents, mainiy the moisture contents, ash and organic

matter contente, Crude Fat (moisture free ether extractable portion),
crude protein and Total and soluble carbohydrate content of the food
material. Other items considered in the chemical analysis include the
mineral content and the amino acid composition,

The meisture content was determined at two temperatures of 0%
and 10500. The crude protein content was determined by two methods of
classlcal kjeldahl's distillation method and the colorimetric metn:d
of Neasslers reagent, so that a comparison c¢ould be made., The elements
congidered under the mineral content determination include Sodium,
Potagsium, Calecium, Magnessium, Manganese, Iron, 2Zine, Phosphorus,
Copper cadmium and cobalt.

The amino acld analysis of the sample is prompied by the fact tnat
the funetional, physical and chemical properties of a protein depend on
the anino acid constituents which ¢cgur in the peptide chainI(Haikewal.
1969}, The nutritive value of proteins thersfore is not necessarily
determined by its quantity, but by its quality which refers to the
amounts and types of amino acids it has. Although there are more than
200 amino acids that occur in nature particularly in the plant kingdom,
most do not appear in proteins (Baum, 1978). There are presently only
about 26 commonly occuring amino acids in proteins {(Cni, 1979). The

proteln smine acids include both essential (indispensable) and the non-
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essential (dispensable) amino acids., For instance there are nine
indispensable amino acids for man (Histidine, methionine, tryptophan,
threonine, leucine, isoleucine, valine, phenylalanine and lysine).
iistidine is indispensatle for human infant and cystine and tyrosine
are semi-indigpensable since they can be synthesised in the body from
methionine and phenylalanine respectively (Harper, 1973).

Of all the protein amino acids nonti‘oncd, only sixteen have been
investigated in this work because of the method of acid hydrolysis
employed, In this method, only sixteen of the eighteen common amino
acids are liberated. This is because Tryptophan is completely destroyed
and cysteine and cystine are partially destroyed (Haikewal, 1969).
Those investigated using the Techniconﬂseq“ontial Multisample amino
4cid analyser, located in the Nutrition research laboratory of Hio-

chemistry Department, Ahmadu Bello University, Zaria include the

following:-
Amino Acid Dipolar ion Structure
+¥H3
(1) Alanine CHy-CH-C = 07
NH,
]
(2) Arginine Hznf-cnf-cnz-cnz-ca-c-o'
+HH2
+NHJ
‘\ '
(3) Aspartic acid C/!-CHQ-CE— o
H
o Y 2
(4) Glutamic acid /p-cnz-cﬂz-cn- 0
HO

(5) Glyecine HyN-CH,-C"= 0



/.

(6) Histidine HC:C—CH2-CH -C-0"
\ C/ +NB.3
(1) Iaoleucine CHy~CH, CH(CHB) CH—(
T
(8) Leucine (GH3)2—CH-CHZ-CH -0
(9) Lysine H3 - -CHz—CH -CH -GH-% o”
+Wi3 0
(10) Methicnine CH3~5-CH ;~CH, ~CH-C - O

. +NH
3 P
(11) Phenylalanine —CHQ—CH-C -0

//,nn -CH-dép 0"
{12) Proline c\\\

Ca~Cl,
+NH
[}
(13} Serine HOwCH = CE=C = o
OH
‘ +H‘H3 »
(14) Threonine CHB-CH CH - “u O

+1§H3 ,?O :
(15) Tyrosine BO- ~CH ~CE=C"~ O

+NH
v 3 -
(16) Valine (CH3)2—CH - CH - 6ﬁf 0
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The dipolar ion gtructure of amino acids play a significant role
in their quantitgtive eatimation by means of ion exchange chromato-

graphic methods of amin¢ acid analysis,

vp

R-C=Ca=0
]
+HH3

The ion exchangeimethods of amino acid analysis depend on the
differential binding of charged growps on to the supporting medium
which is made up of highly cross-linked high molecular weight poly-
gtyrene polymers carrying ionisable groups. The degree of separatian
ia related to the respective PKa values of each amino acids. In
addition, aliphatic and aromatic aminé acids are adsorbed to varying
degrees on the supporting medium and this property plays am important
role in the separation (Haikewal, 1569).

On the other hand, the determination of the physical acore was
accomplished by the evaluation of the energy contemnt. This was achieved
by using the results obtained from the chemical score by using some
appropriate conversion factors cslled Atwater faciors {Pearson, 1970).
These factors, obtained by combustion or burning the feodatuff in the
presence of oxygen using a bomb adiabatic calorimeter, signify that
burning 1g each of carbohydrate, protein and fat yields L, L4 and 9

kilocalorles of energy respectively (Ranjhan and Krishna, 1980C).



REVIEW OF LITERATURE

2.1 Proximate Comnstituenta ¢of Seeds and Nute

Most of the work reported so far on the nutritional studies of
plant geeds and nuts and other plant food materials in general is con-
fined to their proximate composition (McCance and Widdowson, 1969),
This is probably because the plant food materials are generslly
clasgified to be of second class quality as agalnst their animal
counterparts. Nevertheless quite a large number of different plant
gpacies have heen analysed, |

The routine analysis of foods is termed the proximate or Weende
analyais, named after the Weende experimental station, in Germany,
developed in 1965 (Oyeleke, 1984)., The proximate analysia ;hich com-
prises the determination of Moisture content, Ash and Qrganic matter
content, Crude fats and Protein, Total and Solube (available) carbo-
hydrate and the Mineral compogition of the plant food materials, always
furnishes the basic informations necessary for an assessment of the
quality of the particular food material required. A lot of research on
the anglysis of seeds has therefore gone in thisg direction so ars to
achieve the said objectives. For ingtance, ¥ka (1971) analysed  the
chemical composition and the uses of kolanuts and Itam et al (1993)
reported the chemical evaluation of the nutritive value of African

Walout - Couwla edulis {Baill), Xapu (1980) almo determined the protein

and mineral values of seeds and fruits of some Nigerian Trees and
MeCance and Widdowson (1969) published the composition of various foods
in which the composition of seeds and muts has been included, MNoreover,
Pearson (1970) alse reported the compositional data of the kermels of

various nutas.
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It is in this regard that the present sample of analysis is
choeen because there is ne current publication on a similar analysis

of the seed gpecle.

2elel Moluture Content

The determination of moisture content of foodstuff ie of imperagtive
importance especially for storage purpogses. The safe limit reparted
is 1%% moisture because in cases where the value exceeds thie 1limit,
food materials should not be stored as they may develop the undeairable
moulds and fungi (Ranjhan and Krisha, 1980). FPor instance moulds may
grow when the moigture content of groundnut exceeds 9% and 16k in the
case of the groundnut meal {(Pearson, 1970).

Moreover, graing that contain toc much water are subject to rapid
deterioration from mould growth, heating, insect damage and aprouting.
A knowledge of moisture content ig needed for optimum processing of
focda, for example, milling of cereals, mixing of dough te optimum con-
sistency and for prcducing bread with the best grain, texture and
freshneps retention (Pomeranz and Meloan, 1978). In addition, the
presence of water in powders causes caking for example for sugar and
salt (Pearson, 1973).

Due to the importance attached to moisture content determinatlon,
quite a lot of work has been carried out in this direction on 2 number
of plant fruit and seed species. Both McCance and Widdowson (1969) and
Pearson {1970) reported that the kernels of Almonds sweeil, Brazilmuis,
Fearmts and Walnuts have a water content of L.70¥%, 8.50K, L.S5Cx and
23.50% respectively. However, no much similar work has yet been

reported on the present sample for analysis,
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2.1s2 Seed Proteins

Th; word "protein" which first appeared in scientific literature
in 1838 in an article by one Dutch chemigt G.,L. Mulder, is derived
from a Greek word "Proteu" meaning "I occupy first" (Haikewal, 1969).
The investigations on seed protein began much earlier by Beccare in
1745 when he separated gluten from wheat flour and although marked
advances were made by other researchers, the first serious and long
study on proteing came from Rittansen in 1962 whose work was carried
on by Osborne in 1891,

Haikewal (1969) reported that the plant angiosperms are botanically
divided into two main groups, the monccotyledons and the dicotyledons.
The former have seeds with a single storage organ, the endosperm, and
the embryo lies close to it at the end where the grain is attached to
the ear, The dicotyledons however store their food in two cotyledons
and the endosperm which surrounds the whole embryo. It is in this
regard that proteins from many dicotyledonous seeds are comsidered
practically as embryo proteins, the endosperm being almost absent.

The need to satisfy the nutritional requirements of a sisnificant
part of the world population namely, the developing nations cannot be
over emphasised, In most cases this nutritional insufficiemcy is
attributed to non-availability of proteins. Since the lack of economic
source of animal protein is acute, vegetable or plant protein is
increasingly being resorted to, inspite of the fact that the best
quality proteins come from animal sources (Sikka et al, 1979). This
is because it is possible to formulate satisfactory diets to meet the
requirements for toth man and livestock from appropriate plant sixture:
(Ega, 1986). For instance, corn protein is low in lysine while soya-

bean protein is high in lysine. As such if the correct amounts of
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soyabean and corn are mixed together, all the essential amino acids
required by either pig or rat may be provided without further supple-
mentation (Maynard et al, 1979).

This kind of experimentation has been done successfully in several
places for instance Soyogi mixture produced by the Federal Institute for
Industrial Research, Oshodi, Lagos, Nigeria (Ega, 1966). Soyogi is a
food mixture consisting of corn and soyabeans and has been found to
meet the requirements of children. The protein daily requirements for
human male adult (70kg), female adult (58kg) have earlier been reported

to be LOg, 32g and 12g respectively (Harper, 1973).

241.3 Carbohydrates as Energy Sources

Carbonydrates are the most abundantly and widely distributed of
the nutrient components in foods. Moreover, it has earlier been
reported that carbohydrates are the primary metabolites of the animal
kingdom in that over half of the food that the animals consume is com-
posed of this food nutrient (Baum, 1978)., In addition to their
nutritional and metabolic functiong, carbohydrates are important as
natural sweetners, raw materials of various fermentation products
including alcohols, beverages and the main ingredient of cereals
(Pomeranz and Meloan, 1978). Pearson (1970) reported a considerable
guantity of Total carbohydrates in Almonds, FPeanuts and particularly
Cashew., He attributed the sweetness in some nuts to be largely due to
the nigher amounts of sugars present, Pomeranz and Meloan (1978) on
the other hand reported that nuts are generally a poor source of mono=-
and disarcharides, although chestnuts contain up to 33 atarch., They
also reported that reducing sugars are the main soluble carbohydrates

of most fruits and account for 70% of the seedless raisins.
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Carbohydrates, known to serve as fuel of biological gystens,
supplying living cells with usable energy, are reported to be . scep-
tible to a number of metabolic changes caused by some micro orcanisms
(MeGilvery, 1979). Incidentally some of these metabolic changes do
occur either in the presence or absence of molecular oxygen, In par-
ticular the overall anaercbic fuel metabolism of micro-organism is a
process known as fermentation (MeGilvery 1979). Carbohydrates of seeds
and nuts, just like those of other sources therefore, could be liazble
to fermentation processes under optimal conditions. Despite the carlier
report by Pomeranz and Meloan (1978), that nuts are a poor source of
mono- and disaccharides, a lot of research on the fermentation of seeds
and grains has already been reported.

For instance, Ega (1986) reported‘ the variations, in nutrient com-
position, of fermenting the seeds of Parkia clappertoniana (key) and
Tamarindus indica (Linn-Holl). She reaffirmed the earlier report by
Fetuga et al, (1974), Exa (1980 and 1982) that removal of seed testa,
followed by cooking and fermentation definitely imprcved the nutrient
contents of seeds. And although fermentation tended to lower the
calorific value, this may not be considered a limitation of the lermen-
tation process since fermented products are usually applied to increase
the protein quality and guantity of Carbohydrate and energy-rich dlets
(Akinrele et al, 1970).

2.1.4 PFat d 0ils in Seeds

Fat (1ipid) is found to constitute a high source of energy since
1g of fat when fully oxidised yields 37.5KJ of energy as compared with
figures of 29.8KJ, 17.0KJ and 16.0KJ of energy yielded by equal amounts

of alcohol (ethanol), protein and carbohydrate respectively (Oyeleke,
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1968L4). Fats are also needed especially by growing animals, hence it
is important to determine their contents in focdstuffs.

Most of the works done so far on nuts and nuts products reveal a
very high fat content in the food materials. Both McCance and Widdowson
(1969) and Fearson (1970) reported the figures of 53.50%, 61.50%, 49.00%
and 51,50x fat contents of Almonds, Brazilnuts, Peanuts and Walnuts
kernels respectively., Irvine (1961) on the other hand reported that
the fruit of Tetracarpidium concphorum yields L8-60% of a golden~
yellow rapidly drying oil which is possibly suitable for edible purposes
and as a substitute for linseed oil in the varnish and Lacquer Industries.
As the resultant oil is volatile, one appropriate way of its quantitative
extraction is by the distillation method for the determination of
volatile oils as reported by Pearson (1973).

It is in this regard that an analysis of the fat content of the
analyte sample is designed to be made so as to assess the quantity and

gquality of the fat present,

22 Mineral Contents of Seeds and Nuts

Several elements are essential mitrients to both plants and

animals. They often play an indispensable role in one metabolic
reaction or the other and often form the skeletal framework of many
Organic and Inorganic complexes necessary for the smooth functioning
of the living system (Allen, 197L).

A number of nmutrient elements have been reported in high concen-
trations in certain plant food materials. For instance, calcium is
present in relatively high concentrations in most dairy or dairy con-
taining products; in cereals, nuts, scme fishes, eggs and certain

vegetables, FPhosphorus-rich foods alsc include most dairy products,
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grains and grain products, nuts, meat, fish, poultry eggs and legumes.
Uther elements found to be present in high concentrations speci ically
in nuts are Iron, potassium and magnesium (Pomeranz and Meloan, 1978).
Another information of nutritive significance is the fact that the
ratio of zine to cadmium in most muts is reported to be 684 (Schroeder,
1973) an information which implies that nuts are excellent food
materials for hypertensive patients, This is because cadmium accumulatecs
in both human and rat kidneys, arteries and liver where it interferes
with certain enzyme systems requiring zinc and has more of an affinity
for cetain kidney tissues than does zinc, therefore displacing zine
and changing zinc-dependent reactions (Schroeder, 1973). These and
many other properties of cadmium make _it a causative agent for nyper-
tengion in human being (Schroeder, 1973).

Earlier a number of researchers have publighed the mineral content
of the samples analysed. Itam, et al, (1983) reported the elemental
composition of African Walnut and McCance and Widdowson (1969) published
the mineral content of a number of plant food materials in wnich nuts
were included. Oni (1979) also reported the mineral content of three
fish samples he obtained from Zaria dam. These and many other reasons
prompted the researcher to undertake an analysis of the mineral cou-
position of the samples under study for a proper evaluation of ine

autritive properties of the said samples,

2,3 Mmino Acid Composition of Seeds and Nuis

Quite a lot at an advanced stage has been achieved on the amino
acid analysis of a number of plant food materials including seeds and
mats. This achi evement is certainly not unconnected with the develop-
ment of Automated Ion exchange methods of chromatographic analysis

using a number of instruments. An example is the Technicon segquential,
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Multiaapple amino acid analyser, employed for the present analysis,
Thege instrumente facilitate the quantitative and qualitative estimatic:
of amino acids in a very short time.

A number of researchers in the field of food nutrition have reporte:
quite g lot of information on the amino acid composition of food samples.
Haikewal (1969) reported the amino acid composition of sorghum grains.
McCance and Widdowson (1969) reported the amino acid composition of a
number of muts as produced in Appendix 1, They reported the presemce
of about eightecen amino aclds in peanuts and Fetuga et al, (1973) also
repaﬁted the same number of amino acids in peanuts meal. On the other
hand, Oni (1979) reported sixteen aminc acids in three fish samples
obtained from Zaria dam, Juet recently, Ega (1986) reported the amino
acid composition of cassava, cocoyam, the seeds of African locust bean
and Tamarind ( Appendix 1). 8he concluded by saying that both tubers
contain lower amounts of Arginine than the seeds. Earlier Itam et al,

(1983) reported the amino acid compomition of African Walnut Coula edulis

ag reported alsoc in Appendlx 1.

Generally however, a review made by Haikewal (1969) of amino acig
composition of some geed proteins shows some characteristic:differences
between dicotyledonous snd morocotyledonous seed proteins, For instance,
proline content is higher and Arginine content lower in the proteins of
monocotyledonous seeds than in the proteins of dicotyledonous sceds.
Batimates of the amount of each of the indispensable amino acids require
by human adults and children was reported by Harper (1973) and is given
in appendix 2. 0f all the work reported on the amino acid composition
of seedr and nuts, none has yet been specifically done and reported on
the present sample of analysis. It is thue a privilege to mubject the

present sample specie to an analysis of its amino acid composeition.
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2¢l4 Calorific Value of Seeds and Nuts

The process of measuring the amount of heat generated by the
combustion of a substance i knmown as Calorimetry. The energy value
of a food is measured in Calories which are physical Unite of heat.

The number of calories the body can derive from a food is however less
than the number of caleries produced when the food is burnt in a
calorimeter becanse the calorie-producing nutrients which are mainly
protein, Fat and Carbohydrate are not completely digested when eaten,
also the products of digestion are not completely absorbed in the human
gut and the portion of the protein which is digested and absorbed is
not completely oxidised to yield energy in the body (McCance and
widdowson, 1969).

The first successful cglorimeter, using oxygen under pressure for
the combustion of a substance in a closed vessel was devised by rerthelc’
in 1881, Subsequent development by Mchler in 1892, Atwater in 1899 and
Parr 1912 served to ilmprove the cost of the original Berthelot apparatus
in mechanical details {Ranjhan and Krishna, 1980).

Another major contributor to the determination of Calorific walue
of foods 1s Rubber whose works were publighed in 1885 and 1901. He
measured the heats of combustion of a number of diil'ferent proteins,
fats and carbohydrates in a bomb calorimeter and also studied the heat
of combustion of urine passed by a dog, a man, a boy and a baby. He
then realised that the heat of combustion of a protein in the bomb
calorimeter was greater than its calorific value to the body because
the body oxidises proteins only tu Urea, creatinine, Uriec acid and
other nitrogenous end products which are themselves capable of iurther

oxidation (McCance and Widdowson, 1969).
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Uaj:ng the various conversion factors available, a lot has teen
done in assessing the calorific value of different food substances,
McCance and Widdowson (1969) reported the calorific value of different
food substance including these figures on muts. In that report, they
indicated that the kernels of Almonds, Brazilmuts, Fearuts and Walmuts
have 598, 644, 603 and SL9 kilocalories per 100g of the dried samples
respectively., Oni (1979) calculated the calorific value of three
fresh water fish species obtained from Zaria dam, and reported the
values of 558,40, 500.60 and L490.71 kilocalories per 100g of dried
Alestes nurse, Tilapia 2illi, and Synodontis Schall samples respectively
and Itam, et al, (1983) also reported the values of 540 kiloc:lories
per 100g of dried sample as the Calorific value of African Walnut -
Coula edulis. Just recently Ega (1986) reported that the samples of
whole cassava unpeeled, whole cocoyam unpeeled, Peeled cassava (tissue
only), Peeled cocoyam (tissue only), Cassava peels only, cocoysm peels
only and Corn (TZB) provided 377.05, 370.59, 38L.L9, 379.36, 3L3.76,
351.49 ano 360.85 kilocalories of energy respectively per 100g of the

dried samples.



CHAPTER THHER

RESEARCH PROCEDURES

3.1 Sample Collection and Preparation for Analysie

The seeds of Tetracarpidium conophorum were obtained from Zarlia

Railway station on 15 august 1987 at 5.30 pm, as fresh samples just
arriving from the South Westerm part of the country. In conmsideration
of the report that the gamples do not store well, unless immediately
heated to 100°C (Irvine, 1961) the seeds were immediately stored in a
freezer at 0°c before the analysias commenced. The hard shells of the
seed samplee were later broken, removed and the kernels used for
analysias, For raw samples, the kernelg of the fresh seed gamples were
used for analysis. WNeverthelessa, a number of randomly collected geed
samples were cooked by boiling with distilled water in a glass heaker
for one hour before the hard ghell cofers were removed, and the kernels
of the cooked seeds used for analysis as cooked sample. The kernels
of a number of fresh seed samples were split and the inner cotyledon
removed and used for analysis so as %o form the raw cotyledon sample.
In addition the raw cotyledon removed kernels were also used so as to
form the fourth sample of analysisa,

The chemical analysis of the four samples commenced with moisture
content determination. This was carried out on the {resh samples
obtained. Al) other determinations however were carried ouvt on dried
samples,

The samples subjected to amino acid analysia were [irst defated
exhaustively by the soxhlet extraction procedure using ether as sclvent.
The defated samples were then dried at 50°C to constant weight before

they were sent for the amino acid analysis.
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342 Determination of Moisture Content

The most widely used method for determining moisture contant for
plant and vegetable materiale ie by drying the sample at 10500 1o
constant weight (Allen, 1974). However, this method is reported not
suitable for materials of high sugar products and producta containing
glycerol or propylene glycol, as at such temperatures there results
loges in volatile fatty aeids and some sugars decompose at temperatures
above 70°C (4.0.A.C., 1980, and Ramjhan and Krishna, 1980). This is
why drying at lower temperatures in vacuo ig often employed to avoid
loses in componentms other than water (Crampton, 1959). For all of
theae caees, the important factor in thermal drying is the maintenance
of a differential between the vapour pressure of the substance to be
dried and that of the atmosphere of the drying chamber (Willets, 1951).

Water occurs in foodg in three different ways, These include ffee—
water (in the inter granular gpaces and within the poreg of the material
abgorbed water (on the surface of macromolecular colloids) and bound
water (in combination with various substances). These terms however
are relative as the true moisture content is not known, the conditions
selected for woisture determination are arbitrary (Pomeranz ﬁnd Meloan,
19?8). True moisture is however determined by the XKarl-fischer method,
a reaction between lodine and sulphur dioxide, the stoichiometry of
which depends on the presence of water molecules in the sample
{Allen, 1974).

It is in consideration of the problems attached to the routine
moigture content determinations that two temperatures were employed
for the analysis, The first was at 10500 to constant weight (Allen,
1974) and the other was at 60°0 to constant weight (Ranjhan and

Xrishna, 1980), so as to gee the possible differences that may avise.
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3.2 Method of Determining Moisture Content

A known weight of the sample, ground with pestle and morter,
was dried in an air circulation oven, As two separate determinations
were made, one set of samples was dried at 105°C to constant weight
while the other set of samples was dried at 60°C to copstant weight.
The loss in weight is reported as moisture content at the specified
temperature, Six replicate determinations were made in each case,

In both methods the moisture content was calculated as

Loss in weight ondgiEs 100
Moisture (%) = ToTiTal weight(g) of fresh sample =~ 1

3.3 ermination of

The term "ash" refers to the residue left after incinerating the
oven-dried sample at 525°C in a muffle furnace (Allen, 1974)., It is a
measure of the mineral content of the food material.

The principal errors in ashing arise through loses resultirg frou
the use of too high a temperature or time allowed is ingufficient,

However, 525°b is being used as a compromise (Allen, 197L).

34341 Method of Determining Ash Content (A.0,A.C, 1980)
|

A known weight of the oven-dried sample was heated in a 50 cmj
petridish at 100°C until water was expelled., A few drops of pure olive
0il was added and then heated slowly over a flame until swellins
stopped, The additicn of clive cil served to minimise frothing and
swelling (Jacobs, 1956). The dish was placed in a muffle furnace at
about 525°C and left until white ash was obtained, The ash was then

moistened with distilled water, dried on steam bath, then om hot plate

.nd re-ashed at 525°C to constant weight.
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The percentage ash content was calculated as

. _ weight of ash (g) 100
hsh () = weight of ary sample 1

Six replicate determinations were made in each case.

3.4 Determination of Total Organic Matter

The organic matter content ig g measpure of the total crganic
chemical constituents present in the sample, Such constituents inciude
fats, carbohydrates, proteins mucleic acids, vitamins and related com—
pounds {Ranjhan and ¥%rishna, 1980),

Although logs on ignition is often used as a guide to organic
matter content, many workers consider it toc unreliable due to the
potential loses of volatile salte, structural water and ammonia during
combustion (Allen, 1974). However, for proximate analysis, it is
accepted to determine organic matter content on the basis of loss due
to ashing of the biclogical material. The value of the organic mattexr
ig then found by substracting the ash content from the dry weigcht of

the biological material (Ranjhan and Krishna, 1980).

3.5 Determingtion of Mineral Elements

The discovery of flame spectroscoplic methods of analysisg hasg
facilitated the gquick gquantitative determination ef many elementa,
particularly the alkaline and aslkaline earth elements which were
formerly difficult to determine, provided certain precautions are takenr
regarding interferences, flame conditions and the like. The develop-
ment of flame tecbniques using emission spectirometry and mere recently
absorption spectrometry has made sensitive and highly specific, metnods

available to the analyst.
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The principle of emission gpectrometry is based on the fzct that
when atoms of an element are heated in a flame, some of the heat
energy is absorbed by the atoms which subeequently become exeited.

On reverting to the ground state, some electromagnetic radiations are
emitted by the atams and the intensity of the emitted radiations,
which are characteristic of each element, is principally governed by
flame temperature, othgr atomlec species present and the number of
atoms of the element in the flame at any one inetant. If operating
conditicng are kept constant, the intensity of radiationm will be a
measure of this number, a situation which formg the basis of
gqualitative flame photometry.

Abscrption, spectrometry however, is based on the fact that
absorption of radiations of certain wévelength by atoms of an element
in the ground state, leads to their excitation, The extent of absorp-
tion is dependent on the number of those atoms in the ground state
and can thus be used as a quantitative method of determining this number.

The greatest advantage of both apectrophotometiric methods is that
they provide a simple means of determining minute quantities of aub-
stances. The methods are also generally acceptea to be sultable for
routine gquantitative determination of an element in a given medium dbut
not for routine gqualitative analysis (Pinta, 1975). These gpectropho-
tometric methods are based on Beer—lamberts law which state that the
logarithmic ratio of the intensity of the incident light (Io) to that
of the transmitted light (I) is referred to as the Absorbance (4) or
optical density and is dependent on the concentration (C) of the
absorbing specie and on the length (b) of the path of light through

the solution,
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One necegsary pre-requigite which has %o be satisfied beforc a
successful quantitative analysis of an element by either flame teche
nique ig that the element which could be present in different compounds,
some organic and inorganic complexes, must be available in an experimen-
tally determinable form. In any case and as applicable to plant
materials, the organic matter ia first detroyed by either chemical or
thermal methods, and the solution of the analyte element prepared in
its iomnic form.

0f the mumerocus analytical methods available for preparing the
plant materials for elemental analysis, the most widely used are those
of dry ashing and wet acid digestion methods. The later 1ig however
preferred (Allen, 1974). Since there are different wet acid digestion
methods in use, the mixed acid digestion method reported dy Piper in

1950 is employed for the present analysis.

3.5.1 Method of Digesting the Seed Sample (Mixed Acid Digestion)

An accurastely known quantity of the oven dried sample in the range
of 0.20 to 0,50g was placed in . a 100 am3 Kjeldahl digeation f{lask.
Pre-standing in 5 em® of Nitric acid (70%) was allowed as it was not
certain whether the sample was rich in protein, fat or resiéous b=

3

stance (Allen, 1974). 1 cm” of 60% v/v perchloric acid waa then added,

then followed by the addition of 0.50 cm3

of sulphuric acid|(98% w/vw).
‘Thig mixture was awirled gently and then digested slowly at%moderate
heat increasing afterwards, in an efficient fume cupboard. |Digestion
wag contimmed for 15 minutes after the appearance of white fumes. The
solution was then ccoled, filtered through. No. Ll filter pa;per inte
60 cm3 volumetric flask and diluted to volume with digtilled wateT.
Blank digestion was carried ouit in the same way without the saxcle.

|
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The resultant solution was used for the analysis of the elemerts con-

sidered in the present work,

To prepare the sample solution for the analysis of Irom, atout
20 cl3 of distilled water was added to the acid digest and boiled for
10 mimutes before filtering into a S0 cn3 volumetric flask, In the
case of manganese, because a pink colour was noticed after acid digestior
the diluted solution was boiled for 10 minutes before making tc volume
as recommended by Allen, (197k).

Sodium and Potassium were determined by flame emission speciro-
photometry while cadmium, calcium, cobalt, copper, iron, magnesium,
manganese and zinc were determined by flame atomic absorption spectro-
metry. FPhosphorus on the other hand was determined by the molybdenum

olue colorimetric method,

3e541.1 Preparation of Standards

Prior to the aspiration of any of the sample solutions prepared
into the appropriate instrument, standard solutions of ions of the
particular element were prepared accordingly, aspirated into the
instruments and readings recorded and calibration curves plotted. For
all the determinations, distilled water was treated in the same way as

the sample soclution to give reference solutions in each case.

3454111 Cadmium (Whiteside, 1975)

2.1g of cadmium nitrate (Cd(HO3)2), wvas dissolved in 250 cx? of
distilled water, the volume diluted to a litre in a volumetric flask
and stored in a polythene bottle., This gave a stock sclution of 1000ppm
cd., A range of 0-1.0ppm standards were prepared from the stock solutior
nd appropriate volumes of acid extractants added to match the sample

solution. The concentrations were determined using Fye Unicam 5¢ 1900
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Atomic absorption spectrometer.

3e5¢14142 Calcium (Allen, 1974)

The instrument used was Pye Unicam SP 1900 Atomic absorption
spectrometer. Exactly 2.5g of calcium carbonate which had earlier
been oven dried at 105°C was weighed after cooling and dissolved in
200 cn3 of distilled water containing S c-3 of Hydrochloric acid
(specific gravity = 1.18). The solution was warmed to drive off the
carbon dioxide, cooled and diluted to 1 litre to give a 1000ppm calcium
stock solution, The stock solution was stored in a polythene vottle,

A range of O-100ppm Ca standards was prepared from the stock solution
and gufficient lanthanum nitrate sclution added to bring the concen-
tration of lanthanum to LOOppm in each case as in the sample solutions,
LOOppm of lanthanum was added because {using oxy-acetylene flame) it
releases LOppm of calcium from the interference effects of up to 30ppm
aluminium, 3Sppm phosphorus and over SOppm of Iron (Allen, 197L). In
all the standards, sufficient HCl and H2soh vere added to bring their

concentration to 1% v/v.

3e5e1a1,3 Cobalt (Whiteside, 1975)

Exactly L.Okg of cobalt (II) chloride was dissolved in 200 cm3 of
distilled water. The volume was diluted to 1 litre in a volumetric
flagk with distilled water to give a stock solution of 100Cppm Co. The
solution was stored in a polythene bottle. A range of O-lppm cobalt
standarde were prepared from the stock solution and appropriate volumes
of acid extractants added to match the sample solutions. The concen-
trations were then determined using a Fye Unicam SP 1900 Atomic

absorption spectrometer,
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3.5¢1.1.h Copper (Allen, 1974)

About 0.L40g of Copper sulphate pentahydrate (Cug;ch.Sﬁgo) wa
iissolved in 200 cm3 of distilled water and the final solution diluted
to a litre in a volumetric flask to give a 100ppm sclution of Cu,
#orking standards in the range of O-1ppm Cu were prepared from the stock
solution and in each case appropriate volumes of the acid extractants
added to match the sample sclutions. The absorbance was measured -with

Pye Unicam SP 1900 Atomic absorption spectrometer.

345014145 Irom (Allen, 197k)

About 0.50g of ferric chloride hexahydrate was dissolved in 1000cm
of water to give 100ppm Fe and the stock solution stored in a darkened
rolythene bottle. A range of 0.2,00ppm Fe standards were prepared from
the stock golution and appropriate volumes of acid extractants added to
match the samples.

The concentrations of both the standards and the samples were read
vsing Pye Unicam SP 1900 Atomic absorption spectrometer. Using the
calibration curve plotted from the readings of the standards, the con-

centrations of iron in the sample solutions were determined,

3.50141.6 Magnesium (Allen, 1974)

About 1,0g of magnesium sulphate heptahydrate (r".gf:{)h.?!iz()) Was
dissolved in water containing 1(.-3 of sulphuric acid (98% w/w) and diluted
to a litre with distilled water to give a 100ppm Mg sclution, 4 range of
0 to 3ppm magnesium standards were prepared from the stock solutiocn.
sufficient lanthanum nitrate was added to bring the concentration of
lanthanum ions to 40Oprm in each of the standards and in the sample
solutionss, LOOppm of lanthanum was added because when present in 1% v/v

sulphuric acid, it release 3Jppm of magnesium from the interference effects
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of at least 100ppm of Calcium, 3ppm of aluminium and 10ppm of phosphor:c
(Allen; 1974).
Sufficient quantity of Hydrochloric acid (specific gravity = 1.1/
was added in each of the standards to bring its concentration to 1%
v/v as to match the sample solutions. The concentrations were deter—
mined using Pye Unicam SP 1900 Atomic absorption spectrometer at a

principal resonance line of 285.21 mm,

3eBe1.1eT Manganese (Allen, 197h)

Exactly 0.40g of manganous sulphate tetrahydrate (MnSOh.hHQO) was
disgolved in distilied water containing 1cm3 of gulphuric acid (98% w/w}
and then diluted to a litre to give 1000ppm Mn, The stock solution was
stored in a polythene bottle. A& range«of 0 to 3ppﬁ Mn standards was
prepared and in each case sufficient acid extractants were added te
makch the samples. The concentrations of both standards and sample

solutions were determined with Pye Unicam SF 1900 Atomic absorption

spectrometer,

345414148 Phosphorus (Allen, 1974)

About O,4lg of dry potassium dihydrogen phosphate (KHQPOL) was
digsolved in 200cm3 of digtilled water and diluted to a litre to cive a
gtock golution of 100ppm F. The molybdenum reagent was prepared by

dissolving 25.00g of Ammonium molybtdate tetrahydrate (NHLJEMOTOTQ'hH?O)

3 3

in about 200cm” of distilled water in a beaker. About 28Cem

3 of distilled water with cooling, 'fhn

of sulpmric
acid (98% v/v) was added to LOCcm
molybdate polution was then filtered intc the acid mixture, mixed
thoroughly and then made up to 1 litre., The reagent was stored in the
dark,

The stannous chloride reagent was prepared by dissolving 0.%0g of
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stannous chloride dihydrate (Sn012.2H20)iin 250cm3 of 2 v/v HC1,
Approﬁriate volumes of the stock solution of 100ppm F was pipetted
into 50cm3 of volumetric flasks to give a standard range of 0-1.0mg
phogphorus., Equal volumes of acid digest were then added to match
the sample golution, 1Ocm3 of the sample golutions were then pipetted
3

into SOcm” volumetric flasks and at this point all standarde and samples
solutione were treated in the same way., The flasks were diluted to

twe third full and 20m3 of each ammonium molybdate and stannous chloride
reagents were sequentially added and the eoclutions diluted to volume
and left for 30 minutes,

jThe optical density was then measured at 700nm with a spectronic
!
20 célorimeter. A calibration curve was prepared and the millisram of

phogphorug in the sample aliquot deduced. Blank determimations were
alsoicarried out in the same way, but without samples, and appropriate
subtractions made, The concentration of phosphorus was calculated as
. 3

Cim x golution volume (cm

10 x aliquot (c:n3) x sample weight(g).

where C = mg of P obtained from the graph,

35414149 Potassium (Allenm, 1974)

A stock solution of 1000pmn K wae prepared by dissolving 1.%g of
dry KCl in water and making up the volume to one litre. A range of
0 - 100ppm K standarde were prepared from the stock solutien and in each
case an appropriate amount of acid digest added to match the samples,
The concentrations were read using a Corning ZEL flame photometer with

the potassium filter.

34501.1410 Soddium (Allen, 197h)

0.25g of previously dried sodium chloride was dissolved in dis-

tilled water and then made up to ome litre to give 100ppm Na ions.
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Working standarde in the range of O - S5.0ppm sodium ions were orepared
from the stock solution and in each case appropriate volumes of acid
extractants added to match the sumples., The concentrationg were measure

uging a Corning EEL flame photometer with a sodium {ilter.

3e501.1.11 Zine (Allen, 197h)

To prepare a 100ppm Zine stock solution, O.Lig of zine sulphate
heptahydrate was disolved in distilled water and then made up tc one
litre. A range of O - Sppm Zinec standards were prepared and in each
cape appropriate volumeg of acid extractants added to mateh the samples,
The c¢oncentrations were determined using a Pye Unicam SP 1900 Atomice

abgorption spectrometer.

3.6 Determination of Crude Pat

When fat is defined as the material soluble in certain organic
s0)lvents, the accurance of bound fat as lipoprotein poses problems.
It is because of such problems that the term crude fat is often empl oy ed
and 1s known as the ether extract obtained after exhaustive extraction
of the sample with ether solvent (A.0.A.C., 1980). The ether extract
however conalsts of most ether soluble substances in the food materizl
such as simple fat-fatty acids, esters, compound fat, neutral fat,
stercls/pseudo fat (vitamins &, D,, D3» By K}, carotene, frae fatty
acidg and cholestercl {Ranjhan and Krishna, 1980).

To avold falling into such complications, some workers prefer to
just call it as "ether extract™, but the term cruwde fat is accerted
for proximate analysis (Allen, 1974). In any case, the ether extraction
method is based on the prinéiple that nonwpolar componentis of tne sample
are easily extracted into organic solwvents wiich in this case ‘s diethyl

sther. Direct extraction however gives the proportion of free fat but
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gives no idea of the particular fatty acid involved (Oyeleke, 198Y).
Generally, there are two methods for detemmining crude fat ‘rom
biological materials. The first employs the weight loss of the dried
sample after the exhaustive scxhlet extraction with diethyl ether sol-
vent as crude fat, while the gecond uses the weight of the extracted
fat obtained after evaporating off the ether as crude fst. The second

method is reported tc be more accurate {Allen, 197h4) and ie employed in

the present analysis,

3.6.1 Method of Determining Crude Pat Content

2g of the dried gample was taken into a 50 x 10mm goxhlet ertracticn
thimble which has previously been dried at 50°C to constant weignti. The

3 capacity soxhlet extractor. TOOcm3 of

thimble was then put into 50cm
iiethyl ether was put into a previously cleaned, dried and weighed 250cm3
round bottom onical flgsk and then tightly connected to the soxhlet
extractor containing the thimble, A reflux condenaser was connected to
the soxhlet extractor and extraction continued for sixteen hours (4.0.A.C..
1980) using a heating mantle. After extraction, the flask was then left
in warm water bath until the volume of the liquid reduced to about 20011:3.
The liquid in the flaek wae then evaporated te¢ dryness and the flask
dried at 5000 to constant weight {Ranjhan and Krishna, 1980). Th~ flask

wi:8 then cooled and weighed. The crude fat content was calculated as

weight of extracted fat 100
Crude fat (%) = weight(g) of sample taken X

5ix replicate determinations were carried out in each case. Blank
determinations were alsc carried out in the same way without the samplees

analysed. KASHIM {BRAHIM 1 IRRARY

AHMADU BELLC UNIVERSITY
'ARIAs NIGERIA.
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3.7 Detemminstion of Crude Protein

The biological significance of proteins to all living systems, can
not ba over emphasised; It has a duel function of being ueed - both
a8 an important constituent of growth and reproduction and as a fuel
for energy preoduction, -

It is possible to determine true protein value after extraciion with
a suitable golvent by either gravimetric or colorimatric metheds, but
the protein sclution needs to be fairly free from inierfering substances,
a condition which is not alwaye conveniently achieved with plant materialr
(Allem, 1974), For this reason, it is a common practice in agricultural
work to determine total organic nitrogen and muliiply it by am appropriat-
factor, which depends on the percentage of uitrogen in that categnry of
proteinas, ao as to obtain what is teme& the crude protein value.

The moat widely used factor is 6.25 which is baged on the assumption
that plant proteins contain 16% of nitrogen (Haikewal, 1969). Although
plant proteins invariadly contain 16 - 20% of nitrogen, Halkewal (1369)
report&d that the value of 16% ig much lower fcr seed proteins. To be
more specific, the proteina of peanuts and Brasilnuts contaln 18.32% of
nitrogen, the proteins of almonds contain 19,.31% and the proteins of
othen treenuts contain 18.87% thug giving the conversion factors of
S.h6, 5,18 and 5.30 respectively {A.0.4.C,, 1980). It is in this regard
that the factor of 5.30 is employed for the present analvais,

In preparing the solution of the biological material for the
estimation of total organic nitrogen, numercus methods were prorased,
most popular of which are the Kjeldshl digestion method and the dry
asning method, but the former is mosi universally used and hence was

employed for the present analysis. The analytical procedure of Xjeldanl
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digestion method involves converting organiec nitrogen to ammoniu
nitrogen by the action of concentrated sulphuric acid in the presence
of copper sulphate as catalyst and potassium sulphbate to help raise
the digestion temperature. The classical method of est!mating the
regultant ammonium nitrogen is by distillation, although other colo-
rimetric methods such as the Nesslers reagent method do exist.

For the present analysis, the classical Kjeldahl digestion dis-
tillation method and the colorimetric method of Nesslers reagent were
employed so that the two results could be compared. In Kjeldahl
digestion distillation method, the resultant ammonium nitrogen ottained
nfter acid digestion was decomposed by the action of a strong base. The
released ammonia was received by a standard solution of hydrochloric
acid which is then back titrated with standayrd sodium hydroxide s=c as
to know the exact quantity of ammonia received by the hydrochloric
acid solution,

In Nesslers reagent method however, the resultant ammonium nitrogen
was determined by the addition Nesslers reagent and the absorbance of

the resulting complex determined at L25nm (A.0.A.C., 1975).

3.7.1 Kjeldahls Method (Ranjhan and Krishna, 1980)

0.80g of the dried sample was accurately weighed into a SOcm’
Kjeldahl flask. 65g of potassium sulphate and 0.5g of copper sulphate
were mixed with the plant material in the flask. To the mixture was
»ided about 20(::3 of sulpburic acid (98% w/w) and the mixture shaken
sl ightly. The flask was placed in an inclined position on a heating
r.ntle and heated below the boiling point of the mixture until frothing

ceaged, Heat was increased later until the acid boiled vigorously and
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digestion continued until the solution became colourless. The contents
of the flask were cocled and transferred quantitatively to a round
vottom flask with about 20)@3 of distilled water. A few pieces of
snti bumping granules were then added. A sufficient quantity of con-
centrated sodium hydroxide solution was added to the side of the flasgk
until the solution became alkal ine.

A distillation apparatus was assembled making sure that the tip of
the dip extended below the surface of the standard hydrochloric acid
(0.IN) in the receiving flask. The contents of the round bottom flask
were distilled until all the ammonia has passed over into the standard
tydrochloric acid solution. The receiver tip and condenser were washed
into the acid solution in the receiving. flask, The excess hydrochloric
acid solution was then titrated with standard sodium hydroxide solution.
rlank determinations were carried out using all reagents in the sane
quantities but without the material tested. Six replicate determinations
were made in each case.

The percentage by weight of the total nitrogen in the dried samples

was calculated as

Total nitrogen (% w/w) = 0,01 HB' Mx 100

where B = volume in r:m3 of the standard sodium hydroxide selution used
to neutralise the acid in the blank determination,
A = Volume in cm3 of the standard sodium hydroxide solution
used to neutralise excess acid in the test with the material.
M = Molarity of the standard sodium hydroxide
W = weight (g) of the material used for the test and the

figure of 0.014 refers to the fraction of 7%.7.
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347+2 Nesslers Reagent Method (A,0.A.C., 1975)

The plant materials was first digested by adding 2g of potassium
sulphate and 0,58 of copper sulphate to 0,1g of the sample in a 50cu3
¥jeldahl flask. 20m3 of sulphuric acid (98% w/w), was added to the
mixture and then the solution digested on a heating mantle until it
turned colourless, The flask was cooled, the contents transferred
quantitatively into a litre volumetric flask and diluted tomark with
distilled water. This gave a concentration of 100ppm of the plant
material (Johnson, 1941).

To prepare a calibration curve for the determination of ammonium
nitrdgen in the prepared solution of the plant material, 0,10g of
ammonium chloride crystals was weighed and dissolved in a litre of
water to give 100ppm of stock solution. A range of O.Eippm to ?5prm
standards were prepared from the stock solution. At this point, -;'.Oc::-..t
of each concentration including the solution of the plant material were
pipetted into different test tubes followed with 3cm3 of M sodium
hydroxide, then 2cn3 of Nesslers reagent were added. The Nesslers
reagent was prepared by dissolving 100g of mercuric iodide and 70.0g
of potassium iodide in a small amount of water. This was then added
slowly with stiring to a cold solution of 160.0g of sodium hydroxide in
500@3 of water and then diluted to one litre,

15 mimites after the addition of the Nesslers reagent to the
standard and test solutions in the test tubes, the absorbance was read
at 425mm (A.0.A.C., 1975) with a Spectronic 20 instrument, The concen-

trations of the test solutions were determined from the calibration

curve earlier prepared.
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3.8 Determination of Total Carbohydrate

Ranjhan and Krighna (1980) reported that the carbohydrate vortion
of biological material can be categorised intc two groups. The first
refers to the nitrogen-free extract which is often called the soluble
carbohydrate and the second is the crude fibre or the insoluble portion
of the carbohydrate. The =moluble carbohydrate congists of all water
soluble compounds which, in addition to the goluble carbohydrate as the
major constituent of the mixture, also includes vitamine, monoeaccharides
oligosaccharides and ~ven polysaccharides (Ranjhan and Krishna, 1988),
The funetion of the soluble carbohiydrate is mainly metabolle in nature
(Allen, 197k).

The insoluble carbohydrate (e¢rude fibre) comprises mainly poly-
sacchgrides consisgting of hemicellulosé and cellulcge compounds whosge
functions are mainly structural and storage (Oyeleke, 198L)., The total
carbohydrate however comprises both the goluble and the insoluble
portiona of the carbohydrate. It is e¢alculated by the method of
difference (Jacobs, 1958)., 1In this case the sum of the crude protein
and crude fat contents is subtracted from the total organic matter
content of the blological material to give the value of the total car-

bohydrate and nucleic acid content of the food material.

3.9 Determination of Soluble Carbohydrate

As mehtioned earlier, this fraction refers to the nitroger-free
extract and its function is mainly metabolic in nature, that is why it
is sometimes referred to as the available carbohydrate, The fraction
is obtained after extracting the food material exhaustively with hot
water, Although the result obtained in this way is scmewhat arbitrary
since in addition to the simple sugars, some cther hot water scluble

subgtance are brought into sclution, For proximate analysis_hcwever,
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hot water is accepted to give useful resulte (Allen, 1974).

There are at present a number of multifarious cclorimetric and
titrimetric methods of determining soluble carbohydrate in solution,
nowever most of them have been reported inadequate, as they are suit—
able only for some specific groups of the soluble carbohydrate (Allen,
1974). It is in consideration of these facts that the widely used

colorimetric reagent (Anthrone reagent) which was reported by Dreywood

in 1946 was employed for the present analysis.

39«1 Method of Determining Soluble Carbohydrate Content

A stock solution of 250ppm Giucose wae firet prepared by dissolvine
0.250g of a previously dried D-glucose in a volume of digtilled water
and thereafter making up the final volume to one litre. Working
standarde in the range of 0-100ppn glucose were prepared from the gtock
solution,

The anthrone reagent was prepared carefully by adding 31E30crrr"3 of
sulphuric aeid (98% w/w) to 1650m3 of distilled water in a boiling
flagk and the solutlon kept cold while mixing. 0,5 each of anthrone
and thiconrea were diasolved in the solution using a magnetic stirrer.
The prepared reagent waa transferred to a dark bottle and kept at
about 1%C.

25mg of the samnle was put into 50c:m3 conical flask agnd about

1Scm3

of water added. A glass bubble wasm then placed on the neck of

the flask and the solution simmered gently on a hot plate for two hours.
The solution wae allowed to cool and then filtered through No.ll Whatman
3

filter paper into a 25cm” volumetric flask. The paper was washed and
the golubion diluted to mark with distilled water. 4 blank determination

was carried out in the same way but without ihe sample.
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At this point 2cm3 of each standard and sample sclution were put
into a set of labelled boiling tubes. 10cn3 of anthrone reagent was
added to each tube and Qixad while the tubes remained in an ice bath.
'me tubes were then placed in a can of boiling water in a darkened fume
cupboard and boiled for 10 minutes, The tubes were then placed simul-
taneously in an ice bath and allowed to cool in the dark., The optical
density was then measured at 625mm with a spectronic 20 instrument, The
calibration curve was prepared from the readings of the standards and the

concentrations in the sample solutions extracted calculated as

Soluble carbohydrate (%) = 0(‘8) x extract volume (cm3)

10 aliquot (m3) x sample weight(g)

where ¢ = mg glucose obtained from the curve.

3.10 Determination of Calorific Value

The evaluation of the nutritional value of food by its energy value

is upually temmed its physical score. The calorific value of foods which
is sometimes called its enirgy valuqz;hynicological fuel value is usually
expressed in calories. This estimation is usually carried out by com-
pustion or burning of foodstuff in the presence of oxygen using a bomb
adiabatic calorimeter (Allen, 1974). By this method, burning 1g each of
carbohydrate, protein and fat yields L, L, and 9 kilocalories of energy
respectively., These factors are called Atwater factors and are useful in
cstimating the energy values after the chemical analysis of foods
(Pearson, 1970).

The Atwater factors were employed in calculating the calorific values

of the present sample of analysis in combination with the weight % of

carbohydrate proteins and fats in the dry sample.

3.11 Determination of Amino Acid Composition
Ingpite of its obvious importance in nutritional studies, amino acid

analyeis way be regarded as the fundamental elemental investigaticn of
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the protein chemist. This is because if proteins are compounds within
the strictest definition of organic chemistry, then their aminc icid
composition must be constant. Moreover, Haikewal (1969), reported

that the functional, chemical and physical properties of a protein

must depend upon the amino acid radicals, which occur in the peptide
chain,

A protein chemist is prompted to the amino acid analysis of his
sample because the nutritive value of proteins in a given food material
is not necessarily determined only by its quantity but alsc by its
quality which refers to the amounts and types of essential aminc acids
it has. It is in this regard that proteins are categorised into two,
T'ne first group is called "the first class proteinsg" because this group
contains an appreciable amount of all of the essential amino acids,

The "second class" proteins however do not usually contain all of the
essential amino acids ;r if they do, contain one or more in neg.igible
amounts (Haikewal, 1969).

Haikewal|(1969) also reported that deprivation of all the amine
acids to man :ead- to loes of body proteins with resultant weight loss,
anaemia, hypoproteinemia and general muscular wasting. Also under such
a condition, the organism is more susceptible to infection and less
capable of dealing with disease and in addition, the withdrawal of a
asingle essential amino acid in man leads to loss of apetite and negative
nitrogen balance.

According to haik?wal (1969), nausea, dizziness and hypersensitivity
to sounds are particularly observed in lysine deficiency in man.
.dminigtratiod of arginine deficient diet leads to reduction in
spermatozoa., Hepatic and Renal damage have been reported to result
from methionine deficiency. This amino acid is also necessary f‘or

|

normal hiar growth. i
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On the other hand, Harper (1973) reported that large excess of
some amino acids induces_severe toxic reactions., Vethionine is the
least tolerated of the mutritionally important amino acida, Harper
{1973) also reported that about three times the amounts of methionine
required by ypung rats causes some growth retardation when the protein
content of thé diet is low and double this amount causes histopathologic
changes in pahcreatic liver and kidney cells arnd aiso iren depoaition
in the gpleen} 1In any case it is essential to determine the amino acid
content of fopd eince this will reveal how much is needed to supplement
our diets. i

The determination OJ aminoe acid composgition of a given sample is

carried out with the help of the commercially available Amino Acid

inalysers, mogt of which are based on the ion exchange wmethed of chroma-
tography, sinée the method is easily automated (Allen, 1974). fThe ion
exchange methpd depends on the differential binding of the charged groups
to the supporting mediumse (the resina). The degree of separation of the
amino acids is related to their respective pKa values. In addition,
aliphatic and aromatic amino acids are adsorbed in varying degrees to
the supporting medium snd this property plays an important role in the
separation,

Before the sample is fed to the amino acid analyser, it is first
of all defated and hydrolyeed. It is the protein hydrolyeate which is

subgequently subjected. to the amino acid analysis,

3.11.1 Hydrolyeis of Proteins

Prior to the amino acid analysis of a sample, the protein must
first be hydrolysed to its congtituent amine acids which occur in the
peptide ghain. Haikewal (1969) reported that for a pure protein, the

amino acid composition of the solid phase should be constant and
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identical with that of the dissolved protein with which the solid
phage is in equilibrium. DNespite the fact that the precision -7
analytical procedures for the determination of amino acids has increaged.
the limiting factor has become the extent to which the composition of
the hydrolysate is a true reflection of the composition of the parent
protein, This is because discrepancies do arise owing to the decom-
position of certain 1abile amino acids during hydrolysis and the fact
that some amino acids are liberated from the peptide lirnkage only with
diffievlty (Oni, 1979). \

For the analysis of the aminc acid composition of a given rrotein
sample, different methods of proteln hydrolysis have been reported,
(a) Acid hydrolyeis: This process employs 6M hydrochloric acid for

the hydrolysis of the protein chaing., It is reported to liberate

sixteen of the eighteen common amino acids.
Tryptophan however is completely destroyed whereas Asparagipne and
Glutamine are converted to aspartic and glutamic acids reagpectively.
Cysteine and Cystine are partially destroyed (Halkewal, 1969). The
destruction of 4{rypiophan is prevented by uvsing additional specific
reagents, Mathegon (1974} recommended the use of thiogluccllic acid
and P=toluene=l-gulphonic acid, both of which have been found to give
large yields of tryptophan. Other hydrolysis methods involve the use
of methane sulphonic acid {Simpson, et al, 1960). The methods however
are interesting but too 40?91 to be adequately assessed.
{b) Alkaline hydrolysis§ Using sodium hydroxide or Earium hydroxide
(Pon, et al, 1970), the peptide bond of the protein chain can be cleaved

hut only tryptophan is liberated while other amino acids are destroyed

(Matheson, 1974).
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(¢) Performic acid oxidation: This is achieved using a mixture of
30% v/v hydrogen peroxidk and 88% v/v of formic acid in the ratic of
one to nine. I% liberates cysteine, cystine and methionire during
hydrolysis (Standford, 1963).

0f the three differ[nt hydrolyais methods presented above, the
method of acid hydreolysis was employed in the present analysis., It is
normally carried out in two different ways (1) the sealed tube vial
system and (ii) the open flask reflux method, Although the latter is
employed because it is easier from the operational point of %iew amnd
also because the dissolved oxygen ig easily removed (Oni, 1979), the
sealed tube technique ig applicable to food apalysis in preference to
the hydrolysis under reflux (Schram et al, 1953).

However, Hirs et al, (1954) and Smith et al, (1954) have reported
that acid hydrolysis even under controlled conditions results in the

loss, scmetimes complete, of certain amine acldsa.

311411 Acld Hydrolyeis of the Protein Samples

100mg of the defated vegetable sample was weighed into 2500m3

3

round bottom flasgk and about 25em’ of freshly prepared 6M HCl was

added. After adding some anti-bumbing granules, the flagk was fixed
to a reflux apparatus and the solution boiled at 110% for 2i kours.
The flask was then removed and the solution dried by suction.

3

To the dried residue was added 2b5cm” of distilled water and the

golution again evaporated to dryness., The sample was then taken in
3 100cm3 volumetric flask and the sclution diluted tc mark, The fil-

3

terate was thereafter concentrated to 1Qom” and the pH appropriately

adjusted using citrate buffer (Moore and Stein, 1951).
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3.11.2 Separation of Amino Acids

3¢1142.1 Loading of Samples into Cartridges

3

The empty cartridges were washed with 10em” of 0.2N sodium
hydroxide, This was done by first removing the filler plug and
fercing the liquid into the cartridge using 1cm3 plastic tuberecuiin
syringe. The cartridge was then emptied b& inverting and ghakin, to
remove all the liguid. The same procedure was repeated with 1(:.:113 of
pE 2,0 buffer,
While the cartridge was emptied and itg resin equilibrated «t
pH 2,0, the internal standard {norleucine}, aminc acid standard snd
sample hydrolysate were loaded in the following order.
(1) 10ul of internal standard w L pipetted with an autom:tiec
pipette (2x50 ul) into the empty cleared cartridge.
(ii) 10 Wl of amino acid standard containing eighteen amino aci
(i1i) 20 ul of hydrolysate in buffer of pH 2,0
Meanwhile g vacuum was applied while keeping the cartridge vertic
and wetched until the time when the loaded solutions were drawn into
the filter., At this point the vacuum was removed. The filter plug
was then replaced and the cartridge placed in the sample tray rendy

for analysis (Analyser system, 1973).

3.11 .3 Chromatgg;aghie Lnalx 8ls

The instrument employed for the analysis was the Technicon
sequential Multisample Amino Acid Amalyser {(I'SM) as shown in figure 3.
Tnis systgm was designed to separate, detect and quantify amino acids.
It can separate and analyse free, aclidicy, neutral and basic aminc acin
from a protein hydrolysate in one and one quarter hours (Analyser

system (1973).
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It comprises two columns, one 250t|||3 long for the neutral and
icidic amino acids and 'dile other 7.0cm long for the basic amine
acids, Buffers are deli!lrered to the columns through the sampler fron
two high pressure pumps. The sequence of flow of each buffer from
the storage reserviors is controlled by a peristaltic valve and this
valve also sequences the flow of the effluent from either columr into
the analytical system or the waste.

These column effluents that flow into the analytical syster are
nixed with a segmented stream of reagents introduced ir;to the sveotem
through the propertioning pump (Pigure 3,2). The combined gtre.-s
then pass through a heating bath where the colours develop and tne
ibsorbance of the reaction stream is mentioned continocusly in -
colorimeter and finally the signals from the colorimeter after .onli-
fication are traced on a two-pen recorder using a linear chart raver.

4 typlecal chromatogram is shown on figure 3.3.

by the aid of the standards.

Lysine Threonine Glycine Isoleucine
Histidine Serine iAlanine Leucine
Arginine | Glutamic Acid Valine Tyrosine
Aspartic Acid Proline Methionine Phenylzlanine

§
|
Je114341 Calculation of Quantity Percentage of Amino Acid in the Sample
Haikewal (1969) reported that the area under = peak is diro 1y

sroportional tc the product of the height of the peak and the width of
the peak at half height. This forms the basis of the calculation of
‘he concentration of each amino acid from the given peak area cr the

‘hromatogram (Figure 3.4).
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A schematic diagram of steps involved in the AA analysis.
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Fig. 3s4  Measurement of Peak height (H) Half height (H)
and Width at half height (WAH),
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J¢11.3.1.1 Method of Calculating the Concentiration of Amino Acid

The net height of the peak is measured as H. The half height of
the peak was located by dividing H by two. The width of the peak .t
nalf height was then measured with a ruler as WiAH. The product of &
ani WAH gives a figure which is representative of the area of the
peak (Analyser system, 1973).

NE Area of norleucine peak
¥ Area of each amino acid

Ine amount of each amino acid present in the urknown sample was cal-

culated using the following formula.

U Aup
Umoles = s X HE'pX uuap

waere Aup = Area of unknown peak.

Aun = Norleucine area from the same chromatogram

nap = Norleucine equivalent of the corresponding peak

from a standard chromatogram

UP'-.sp = Umoles in the standard sample,



CHAPTER FOUR

RESULTS AND DI SCUSSTONS

lie? Moisture Content

The results of moisture content determinations carried out at

60°C on the fresh samples analysed are presented in tables Y,1 and

L.?2 respectively.

Table k.1 Moisture content at 60°C (on fresh weight basis)
Sample Mean % (at 9% confidence limits
Cooked 38.00 4+ 0.78
Cotyledon b.52 3 0.16
Cotyledon-removed | 36.6L + Q.82

wnere the number of detemninations (n) = 6 in each rase,

From the above table, the caoked whole sample (cocked sample) has
the highest moisture content of 38%. This is to be expected, even
though the seeds were cooked before the hardshells were removed, there
ig the possibility of water infusing through the hardshell cover into
the seed kernel on the process of cooking, thereby increasing the mois-
ture content, As the safe storage limit reported for plant fcod
materials is 19% moisture (Ranjhan and Krishna, 1980) and 9% irn the
case of groundnut (Pesrson, 1970}, the result from table L,1 signifies
that only the raw cotyledon sample (Cotyledon sample) is guitable for
storage purposes,

On application of T-test (Appendix 3), the difference between
tne¢ mean S ncisture contents of the raw ?hole sample (raw sample) and
cocked sample is significant at 1% level. There is also a significant

}
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difference at 0. level between the mean % moisture contents of the
raw gsample =nd the cotyledon sample. 'I‘his suggests that the cotyledor
; a significantly lower moisture content than the other part of the
sced gpecle. The difference between the mean x moisture contents of
the raw sample and the raw cotyledon-removed sample (cotylendon-reuove:
saple) is nowever not significant at 9% level. This is also to e
expected since the cotyledon sample has fhe' least moisture content and

it contributes a very small fraction of the weight of the seed kernel.

Table [e2 Moisture content at 1050(2 (on fresh weight basis)

Sample Mean % (at 95. confidence limits)
Haw llO. 30 - O- 8?
Cooked 45.02 + 0 .56
Cotyledon 8.55 + 0.7h4
Cotyledon-removed 42.23 4 0,64

Where the number of determipations (n) = 6 in each case

As expected, the moisture content of all the samples at 105°C turn
cut to be higher than the corresponding values obtained at 60°C. This
confirms the report by Allen (1974), A.C.A.C. (1980), Ranjhan and i rish:
(1920) and Oyeleke, (1984), that in addition to water, some volatile
conpounds are lost at higher temperatures. In particular for values
obtzined at 105°c, they are only generally accepted to be those of
moisture content, but actually they are the total volatile matter lost
at this temperature (Jaccbs, 1958).

The mcisture content of the raw sample at 105°c differs markedly

frox the values of 23.50%, L.50% and L4.70% reported for the raw sanples

s

of “almuts, Peanuts and Alwonds respectively by McCance and Widdowson (-
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nd with the value of 17.60% recently reported for African Walnut by
ltam et al, (1983). These differences are however attributed to
seasonal variations (James, 1952).

Table 4.2 refers to the mean % moisture contents of the raw
sample., The values are significantly different at 1% level fram those
values obtained for the cooked sample. 4s obtained from table 4.1 the
cooked sample also has the highest moisture content while the cotyledo:

saople recorded the least.

L.2 Ash Content

Table L.3 refers to the ash content of the sample analysed.

Table 43 Ash content (on dry weight basis)

Sample Mean % (at 99 confidence limits)
Raw ) hoh5 . & 0.04
Cooked . L.47 + 0.04
Cotyledon 8,20 &+ 0.71
Cotyledon-removed h.251_3_ 0.09

where the number of determinations(n) = 6 in each case.

The cotyledon sample has the highest value of ash content (5.20%)
suggesting that it is potentially richer in mineral elements. There is
no gignificent difference at 1% level between the mean % ash contents
of the raw sample and the cooked sample., This implies that the extent
of the effects caused, on the mineral content of the analyte sample as
a result of cooking, are not significant enough to cause differences
in the ash contents of the samples analysed. On the other hand, the

s!ightly higher ash content of the cooked sample when compared to the
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raow sample could be due to the possible infusion of some minera

:lements {rom the hardshell cover to the seed kernel during the
~ooking,
he difference between the mean % ash contents of the raw :
nd the cotyledon-removed sample is significant at 1% level, and
yected, the cotyledon-removed sample recorded a lower value (L.

nan the raw sample (L4.u6X%) because the cotyledon has proven to !

e highest value of ash content,
Tne ash content of the raw sample (L.L4O6:) is much higher t!

¢ values for Almonds (3.0x), Brasilouts (3.0x), Peamts (2.LO

ave

Inuts \1.L;L)as reported by Pearson (1970). The value is however

nparable to the value of L4.33% reported by Ega (1986) for the see

African locust bean,

4e3 Total Organic Matter Content

The results obtained from the total organic matter contents

thegamples analysed are presented in table L.L.

Teble 4e lotal organic matter content (on dry weight basis)
Sample Mean % (at 99% confidence limits)
Haw 95.54 + OOy
Cooked 95.53 '+ 0.04
Cotyledon 91.80 &+ O
Cotyledoa=removed 95,75 + 09

where the number of determinations (n) = 6 in each case.

On application of Tetest to the results presented in table ...l

no significant difference at 1% level is found between the mean

i
orranic matter contents of the raw and cboked samples, thus lup.

that they have the same organic matier contents. There is bowayy:

P Rl Y. D n_‘r‘.\““
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signigicant difference at 1% level between the mean % organic matter
contents ol the raw and the cotyledon sémples. with the cotyledon
samples recording a lower value, There is also a significant dirfere:
at 1% level between the mean % organic matter contents of the ruw and
the coiyledon-removed samples, reaffirming the earlier indication thalt
the cotyledon has a significantly lower organic matter content tnun
other samples analysed. y

In general, the result of the organic matter content of the samp®
analysed (table L.4) follows the direct opposite trend exhibited oy t.
ash content aznalyeis (table 4.3), This is because the value of the
organic matter content ie calculatea by substracting the ash content

from the dry weight of the sample (Ranjhan and Krishna, 1980).

4.4 Mineral Content

Pable 4,5 refers to the remg.t of the mineral content analysis
of the samples analysed, The analysis could not be extended to the r:

cotyledon sample because of the i

-

sufficient quantity of the samule

azvallable for analysis.

lelie? Cadmium Content

Table 4.5 contains information about the cadmium contents of th:
sanples analysed. The raw and cotyledon-removed gamples recorded the
highest cadnium contents of 2.26 ugs' On application of T-test, the:
iz found no aignificant difference at 29% level between the mean %
cadmium eontents of the two samples, Tﬁis implies that the cotyledon
probably has the same cadmium contents zis the cotyledon-removed samplc

There is however a significeant difference at i level betwern thi
mean % cadsium contents of the raw and éﬁe'cooked esamplea, This

.

[ v
-
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Raw Sample Cooked Sample ‘otyv]l edon=removed satple

S Mean % (at 99% Confidence Mean % (at 99% Mean % .n...w.e 9% Confidence
Limits) Confidence Limits) Limits)

Cadmium 2,260 4 0,580 1.010 4 0.460 2.226 + 0.580
Calcium 0.725 &+ 0.030 0.681 4 0,050 0,580 + 0,050
Cobalt - " -
Copper 20,110 & 2.760 15.780 4 2.760 9.110 &+ 2.760
Iron 0.030 4 0,010 0.030 ¢ 0,010 0.020 + 0,005
Magnesium 0.106 4+ 0,002 0,106 4 0.002 0,110 + 0,002
Manganese 0.010 4+ 0.000 0.010 4 0,003 0.010 + 0,003
Phosphorus 0.860 + 0,099 0,240 &+ 0.099 0,600 + 0.099
Potassium 1.640 + 0.100 1.520 4 0.099 1.520 ¢ 0.099
Sodium 0.076 + 0.003 0.045 + 0.003 0.036 + 0,006
Zine' 62,170 + 1.430 75,070 &+ 0.290 69.500 + 2.150

where the number of determinations (n) = 3 im each case

'A

# = concentration in ugg

-

= element not



suggests thzt there was a significant loss of cadmium ions durins

kN

the process of ceoking the sample,

hghqz _g_gcj-m contmt

From table 4,5, the caicium contenf ¢f the raw sample is wery
nigh {0.,72%) as compared with the values of 0,06%, 0.017% and 0,27
for Walwuts, Brazilnuts and Almends resﬂeétively. as repcoried by
\McCance and Widdowson {1969), The value is alsc higher than the valu
of 0,11% reported for the kermels of Tamarindus seed by Ega (196:),
*rom the result in table 4.5, the cooked sasple has a calcium content
of Q.68% and the cotyledon-removed sample (0.580%), Thile implics
that some czleium iens were probably lost on the process of cooking =
that the cotyledon probably has the highest concentiration of calcium
when compared to the other samples analysed, This is Justified when
congideration is made to the fact that calcium is egsential for .piea)l
and root tip developments and als¢ accumulates in the cell walls aé
czlcium pectate {Allen, 197L) all of which are processes particularly
imporiant for the catyledon which forms the food reserve of the young
embryo (Corner, 1976). l | |

On application of T-test, there is o pignificant dirferenc.n at
5t level between the mean % caleium contents of the raw sample and the
cooked sample, implying that the twe have the same calcium contents
and there is no gignificant loes of calcium during the process of
cuoking the sample, However, there ig g gignificant difference at %
level between the mean % calcium contentas of the raw and the cotyledon-
removed samples, suggesting that the cotyledon has a significantly
" higher calcium content than the other saglples analysed.

y
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Lkelie3 Cobalt Content

Table 4.5 also includes the result of the cobalt determinati:on
of the samples analysed. The result sh@wa that cobalt c¢ould not be
detected in any of the samples analysed in the working concentration
range employed, This wag found to be go inapite of the large guantit
(3.0¢) of the sample used for the mixed acid digestion employed for t
analysig., This implies that the copcentiration of the mineral element
in that working range employed was too low to be detected, Neverthe)
cobalt ig known to be necessary for enzyme activation in nitrogen
fixation, tut its importance to plant is yet to be fully understood
(Allen, 1974). ;

1
P

Leheli Copper Contenmt

' The result of the determination of copper in the samples usea fo
this work has been presented in table 4 .5. The raw sample recorded
the highest copper content of 20,11 ugg-1, followed by the cooked san:
(15.76 ugg™ ). On application of T-test, there is found to be a
significant difference at 9% level, betueen the mean % e¢opper content:
of the raw and cotyledon-removed samples, zn information which implie.
that the cotyledon probably has a higher copper content than the other
sampleg analysed. This is understandable if consideration is made to
the fact that copper activates certain enzyme systems in plants cspec:
thoge linked with oxidation processes {Allen, 1974) and these are som
of the metabolic functions partiecularly required in the ecotyledon whi:

forms the food reserve of the plant embryo (James, 1952).
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The copper content of the raw sample (20.11 ugg'1) of the specie.

énalysed here ie higher than the value of 11 ugg"1 reported for irazi:

nuts bty McCance and Widdowson (1969}, It is also much higher tran

the value of 1.5 uggr1 reported for African Walnut by Itam, et al, (1

!
| .
Lehe5 Iron Gontent o

From table 4.5, the raw and cooked samples have the value of
0.030k. This implies that there is no significant less of iron aurin:
the cocking of the sample. The cotyledon removed aample however, has
the least iron content of 0.02(k, @encting that the concentration of
iron might be higher in the cotyledon sample. This is understandable
because iron occcurs in the respiratory piement, porphyrin, which is
required in electron transfer (cytochrome) processes in plants and
anhimals, It also activales some Oxidases and is considered 1o be
necessary for the chlorophyl synthesis (Allen, 1974). A4ll these :ve
particularly important for the cotyledon which is acting as a food
reserve for the young embryo {James, 1955).

Despite the lower value of iron content in the cotyledon-removed
sauple, thiere appears to be no significant difference at 1% level
between the mean % iron contents of the raﬁ and cotyledon-removed
samples, implying that the cotyledon does not have a significantly

" higher iron content than the other samples analysed,

The iron content of the raw sample (0,030%) is not much different

e from the values of 0.0104 reported for Tamarindus seed kernel by iga

(1986) and 0.01%% for African Walnut (Itam et al, 1983), tut higher

than the value of 0.00l% reported for Almonds (McCance and Widdowsom 1¢

e
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Lohe6 Magnegium Content

From table L.5, the mean % Magnegium Canenta of the raw and cooked
s;ncles are the Bame, thus implying that no leoss of magnesium has occur
during the process of cooking. The cotyledon-removed sample however haz
the highest concentration of 0.110% thus suggesting that the cotyledon
probably has the least concentration of magnesgium ions, There ig
significant difference at 9% level between éhe mean % magnesium content:
of the raw and cotyledon-removed samples, ﬁuggesting that the cotyledon
has a significantly lower magnesium content than the samples analysed,

The magnesium content of the raw sample (0.106%) is lower than the
value of O0+1L0u reported for African Walmut (Itam et al, 1983) and alsc
lower than the value of 0.13% reported for Tamurindus seed kernel

{&ga, 1988), %

koleT Manganese Comtent -}

Ag shown in table 4.5, both the raw and the cocked samples and =ven
the cotyledon-renoved samples have similar manganese content of 0,010%.
This implies that there is no significant loss of manganese during
cocking and that the cotyledon probably has the same manganese cotent

t

as the other samples analysed. . ;

On application of T-test, it ies found that there 1s no significant
difference at 1 level between the mean % wmanganese cotente of the raw

and cooked samples and alsc between the former and the cotyledoneremoved

samples,

heolio8 Phosphorus Content

Table .5 includes the results of the phosphorus contents of the
samples analysed., The raw sample has the highest phogphorus content of

0.88., then followed by the cotyledon-removed sample {0,600%) This
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sugzests that the cotyledon sample probably his the highest phosphorué
centent, Tnis is justified Ly the report that phosphorus is particular
important in ithe ADP=ATP cycle whereby energy is transferred between
mclecules in metabolic reactions (Allen, 1974} a phenomenon particularl-
important for the coiyledon which houses the embryo (James, 1952).
The cooked sample has the lowest phosphorus content (0.2&%) thus

implying that there is a significant logs of phosphorus during the

cooking of the sample. !

On application of T-test, to the results obtained, there is found 3
significant difference at 1% level between the mean % phosphorus éﬁnten*
‘6f the raw and the cooked samples, suggesting that there is a highly
pignificant loss of phegphorus during the:cooking of the samples. Ther
is also a significant difference at 5 level between the mean % phusphor
contents of the raw and the cotyledon-removed samples, thus implying th.
the cotyledon sample has a significantly higher phogphorue content tlian
the other Samplés analysed. . |

The phogphorus content of the raw sample (O.Béﬁ%) is much higher th-
the values reported for the African Walnut {0,33%) by Itam et al, (1983
and alse higher than the values reported for Tamarindus seed kernel
(0.300%) by kza, (1986). The values are however close to that of €.51¢

reported for Walmats (McCance and wWiddowson, 1969).

belie9 DPotassium Content

As sghown in table 4.5, the raw sample has the highest potassium
content of 1,6l%. The cooked sample has a lower value of 1.5, implyinr
that there has teen loas of potassium during'the process of cooking the
szwnle, The low potassium content of the éotyledon~removed gample

suggests that the concentration of the @ineral element may be higher in
I



63

cotyledon sample, This is more understandable if consideraticn

iven t¢ “re fact that potassium is essential to all plants for
ce!l and merbrane organisation and protein synthesis (Allen, 1974).
These functions are undoubtedly essential in the storage organ of the
plant enbryc, the cotyledon (James, 1952).

On application of T-test, there is fourd no significant differcr.ce
at 7% level petween the mean % potassium contents of the raw and tne
ccozed samples and between the former and the cotyledon-removed saiple,

; signifies that there is no significant difference at % level
between the potassium content of the cotyledon and the other sampleg
ana.ysed,.

The potassium content of the raw sample (1.6L40%) is high and even
ri.tier than the values reported for African Walmut (0,612%) by Itam et
(1723)s 1t is also higher than the value of 1,00% reported for Parzia

whole geeds by Ega (1986).

L.4.10 Sodium Content
Table 4,5 also includes the sodium content of the samples anal 'sed,

7. raw sample has the highest sodium content of 0,076%, then followed
b, the cooked sample {(0.045:) and the cotyledon-removed sample (0O.030.).
Thnis information suggests that some loses of sodium ions have occured
dur.ng the process of cooking and that the cotyledon probably has -
himer sodium content than the other samples analysed. This could turn
out to be so despite the fact that sodium mainly contributes to the
icnic balance of the cell fluid and is essential for animals but
aposrently not for plants (Allenm, 1974).

On azpplicstion of T-test, the difference between the mean % souium

content of tne raw sample and the cooked sample is significant at 1.
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level implying that the leoss of sodium during cooking is highly
gignificant. fThe difference between the mean % sodium contentg of
tne raw and cotyledon-removed samples is also significant at 1% lovel,
denoting that the cotyledon probably has a significantly higher sodiun

content than the cther samples anzlysed.

Lelio11 2Zinc Content

The zinc coutent of the samples analysed is given in table L,%.
The raw sample has the least concentration of 62,17 ugg'1 while the
cooked sample nas the highest zine content of 75.07 uggr1. This
sugrests that since the cooking was done before the hardshells were
removed, there could bave been gome Iinfusion of zine iomns from the
hardshell cover into the seed kernel,

Cn application of T-test, the difference between the mean % zinc
contents of the raw and cooked sample is significant at 1% level, The
same arplies to the difference between the mean % zine eontents of the
rew and cotyledon-removed samples, thus spgresting that the cotyledon
has a gignificantly lower concentration of Zine than the other samnles
analysed. This may be 30 because zine is regarded as an esmential trac
metal (4jibola, 1968L) and is mainly necessary for most organisms since
it activates certain enzyme gystems (Allen, 197)).

*

L.5 Crude Fat Content

The values of the crude fat content of the samples analysed are

given in table },b
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Tavle 4.6 Crude fat content {on dry weight basis)

Sampl e Mear % (at 99. Confidence Limits
Raw L9.16 + 2.03
Cooked h2.86 + 2.34
Cotyledon 68,1 & 1.57
Cotyledon—removed 52.32 &+ 2.4

Where the number of determinations (n) = & in each case.

The erude fat content of the raw sample (49,18¢) ia found to te
higher than the value for the cooked sample (42,86%). This implies tha:
there has been some loses of crude fat during the process of cooking.
Tris confirms the earlier assertion that some volatile fatas and fatty
acids are degtroyed at temperatures above TODC {Ranjhan and Krishn:,
19840), The cotyledon sample has the highest crude fat content of
68.14s. This is evident even from a physical observation of the s-mple
as it appeared oily,

Un application of T—test{ thexre is found a significant differerce
at T level between the mean % crude fat contents of the raw and the
cooked samples. Thig implies that the loass of erude fat during cogking
is significagt at 1% level, There is also a significant difference at
1% level between the mean % crude fat contents of the raw and cotyledon
samples. This also signifies that the cotyledon sample has a significan:
.higher amount of crude fat than the other samples analysed. The differen
between the mean % crude fat contents of the raw and cotyledon-removed
samples is significant at 5% level but not at 1% level.

The crude fat content of the raw sample analysed (L9.16k) is vefy
close to the values reported for Peanuts (L49.00%) and Walmuts (51.50%)

by lcCance and Widdowson, (1969), It is however higher than the value

reported for African Walnut (31.10%) by Itam et al, (1983).
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L.641  Crude Protein Content (Kjeldahls Method)
fhe resu!lts of the crude profein contents cf the samples anal: -

the classiczl Kjeldahls distillation method are given in table [;.7.

Table 4.7 Crude Protein Content - Kjeldahls method -
(on dry weight basis).

Sanple Mean % (at 95% confidence limits)
RHaw 20.62 + 0.53
Cooked 23.37 2+ 0.77
Cotyledon 11.42 + 0,39
Cotyledon-removed 20,35 + 0,1

Where the number of determinations (n) = 6 in each case.

It is clear that the raw sample has a lower crude protein value
(20,62%) than the cooked sample (23.37%). On application of T-test,
the difference is found to be significant at 0.1% level. One possitle
reason for this could be that, cooking the samples prior to analysics,
helrs in reducing some of the nitrate-nitrogen and nitrite-nitrogern
(vresent in the sample) to ammonium-nitrogen which is subsequently dete:
mined as organic-nitrogen, thereby increasing the resultant crude prote
value, However, the standard method reported of converting nitrate
nitrogen to wnmonium nitrogen is by adding salicylic acid at the
digestion stage (Allen, 1974).

There ic also a significant difference at 0,1. level between the
mean % crude protein values of the raw and the cotyledon samples. I'his
implies tha: the cotyledon has a significantly lower crude protein valo
t~.an the samples anal ysed. There is however no significant differcnce

%. level retween the mean X crude pmiei:u contents of the raw and
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I
- the cotyledon~removed samples. This suggests that the two have the
game ecrude protein values., This couwld bé s¢ tecause of the small
fractional weight of the cotyledon as ccwpared with the other part of
the seed kerrnel,

The crude protein value of the raw eample (20,62%) is compar 'le
to the value reported for Tawarindus seed.kérnel (19.204) by Ega ( 1986)
" and also very close to the value reported for Almonds (20,50%) by
MeCance and Widdowson (1969). 1t is however higher than the valuc of
9.0 reported for African Walnut by Itam et al, (1983).

!

L4642. Crude Protein Content (Nesslers Reagent Method)

The results of the crude protein analysis by the Nesslers re:.~rnt

method are given in table [.8.

Table L.8 Cr*:lde Protein - Hesslers reagent method - (dry weight basi.

Sample Mean % (at 99% confidence limits)
Baw 21.06 + 0,26
Cooked 24,03 + 0,40
Cotyledon 11.86 + 0,13
Cotyledon-removed 20,84 4+ 0,51

Where the number of determinations(n) = 6 in each case,

From the above table, the cocked sample has the highest crude prot-
content of 24,03%. 4s obtained by the Kjeldahls method, there iz a
aignificant.difference at 0.1% level between the mean % crude prot«in
volues of the raw and the cooked samples, The difference between the

meﬁn % erude protein values of the raw and the cotyledon samples is
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significant at O.1% level., This agrees wdfh the result obtained hy
the Kjeldahls method. Moreover, there is no mignificant differencze
at 29 level between the mean % crude protein values of the raw wnd
cotyledon~removed samples. This also is in agreement with the re.ult
obtained by the Kjeldahls method.

i

4.6+) Comparison of Kjeldahls and Nesslers Reagent Methods

A comparison of the results obtained on the crude protein values
of the samples analysed by the two methods, shows that the values
ottained by the Nesslers, reagent method {table L4.8) are consistently
higher than those obtained by the Kjeldanls method (table L.7). This
iz because a number of factors are thought to influence the Nesslers

reagent method (A.0.4.C., 1975). These includes

( i} a number of volatile amines could cause turbidity with
Nesslers reazgent.

(ii) some volatile compounds euch as certain ketones, aldehydes snd
aleohols might cause off colour on nesslerlasation,

Owing to these problemg, the Kjeldahls method is reported to be
more éccurate than the Nesslers reagent method and that the only condit’
in which the latter is more accurate than the tormer is when the concen-
tratipn of ammonia is less than one milligram per litre (4.0.4.C., 1970,
.a sitﬁation wirich is very much lower than the cnes obtained for our
samples.

On application of T-test to the results obtained by the two wmethod:
it ig found that all the sample data gave res:lts that are not
significantly different at 5% level excepl the results from the coctyled:
saiple which gave results that differ at é% but not at 1% signific ince

levels, This implies that the concentfatyoﬁ of the interfering substan:



in the cot?ledan sample is high enough té affect the crude protein
analysis by the Hesglers reagent method as compared to the same

analysis by the Kjeldahls wmethod,

4.7 Total Carbohydrate Content

Table 449 refers to the total carbohydrate content of the samples

analysed.
Pable L,9 Total carbohydrate content (on dry weight basis).
Sample % Total Carbohydrate
* Raw E _ i ._ 25.76
3 Cooked o 29,30
7 ' L
Cotyledon . Cot12.2h
Cotyledon-removed 23,08

The cooked sample has the highest total carbohydrate comtent. 'Thi:
is due to the very low value of crude fat?content, since the total car-
bohydrate is calculated by the difference method {Eka, 1971). In the
came way, the cotyledon gample recorded the lowest total carbohydrate
content because of itg high crude fat éonfent. _

The total carbohydrate content for the raw sample (25.76%) is com~
parable to the value reported by Ega (1986) for Parkia seed
kernel (24.79.) and slightly higher than the value reported by Pearson
(1970} for reumut (20.10%). However, the value is much lower than the

value reported by Itam gt al, (1983) for African Walnut (52.80%).

L.8 Soluble Carbohydrate Content

n

" The results of the goluble carbohydrate analysis of the sampleas

anslysed are siven in table L.10.
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Table L4410 Soluble Carbohydrate Content (on dry weight basis)

Sample Mean % (at 95« Confidence Limits)
Raw 5.78 &+ 0.10

Cooked 3 -87 + 0,11
Cotyledon-removed L.65 3+ 0.12

Wnere the number of determinations (n) = 6 in each case.

From the above table, the raw sample has the highest soluble car-
tonrdrate content of 5.784i. The cooked sample has a much lower v:l ue
0l 3.8T%, an information wnich suggests that, although the seed sanples
were cooked before the hardshell covers were removed, there has been
loses of soluble carbohydrate on the process of cooking, Thip is wnder-
st-ndable if consideration is given to the fact that water was used
for the cookin,. process and that the fraction under consideration
eszentially water soluble. This implies that the hardshell cover h.s
son. degree of permeability which allows some contact between the . :ter
us=d for cooking and the seed kernel. The lower soluble carbohydr:te
vzlue of the :utyledon—remov?d sanple suggests that the cotyledon ;roba:
hi.s a higher soluble carbohydrate content than the other sample an:lysec

On application of T-test, there is found to be a significant
di!’erence at 0.1 level, between the mean % soluble carbohydrat:
contents of the raw and the cooked samples, This implies that the l!oss
of soluble carbohydrate during the process of cocking is highly si ni-
ficant., There is also a significant difference at 0,1% level betwren
the wean % scluble carbohydrate contents of the raw and the cotyle lon-
renoved samples suggesting that the cotyledon probavly has a significan:

nier amount of soluble carbohydrate than the other samples analy :-ed.
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The soluble carbohydrate content of the raw sample (5.789%) agrees
closely with the value of 5.80X reported by Fearson {1970) for pernute.
Thiz value ror the raw sample is however lower than the value reprried

for cashew (3.104).

L4L.9 Calorific Value

The results of the calorific value of the samples analysed are

presented in table L.11.

'

Table Us11 Calorific value (Kiloecalories per 100g of dried sampl:).

Crude Crude Total Carbo- Total Talor.
Sample Protein [PFat hydrate fie Value
i Raw L2 Ll B2.48 103.04 627.96
Cooked 385.74 93.4,8 117.20 596,42
*,  Ceotyledon 613,26 LS.68 18.96 _ 707.90
Cotyledona e |
removed 470.88 81.L0 93.34 645,62

’I‘He raw sample hasg a ca_lofific value of 027.96 kiloealories per
100, a value which ig higher than that obtained for the cooked sauple
(596,42 kilocelories/100g). 'This confirms the earlier report that
cooking the sample prior to consumption decreases the ecalorifiec valuwe
of the analyte sample (Akinrele et al, 1970).

The cotyledon sample has the highest calorific value comparéd to
| all the other sampl?i analysed with a valde of 707.90 kilocalories/
100g. This value is expected because the cotyledon has higher crude
fat content and that fat contributes the highest calories of energy
than the other food constituents {Pearson, 1970},

In all the samples analysed, the contripution from fat to the totz
culorific value of the materigl is the higbast and the protein contri-
bution being the 1eﬁst. This is so because the contribution to the

H
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'.;J
total ealorific wvalue of any one food méterial, by each of pretecin,
fat and czrbohydrate depends on the gquantity of each of these
nutrients pregent in the analyte material,

- The calorific value of the raw sample (627,96 kilocalories/
100g) is lower than the value of 6L) kilocalories/100g for Brazilnutr.
éomparable to the value of 603 kilocaleories per 100g for peanuts and
slightly higher than the value of 598 kiloczlories/100g for Almcnds

a8 reported by McCance and Widdowson, (1969),

4.10 Aminc Acid Composition

The results of the amino acid compgsition of the mamples anslyse:
are presented in table 4.12. The analysis could not be extenden to
the ¢otyledon sample because of the ingufficient quantity of the sam |
svailable for analysis. Moreover, duplicate determinationg were coarr:
out on the Taw ang cooked pamples, but only a single determination
¢cculd be done for the cotyledon-removed sample, This ie owing to a
nunber of technical problemg with the instrument employed.

Fram table 4,12, due to the low value of the number deterﬁinatig
{n) in each case, the standard deviation values calculated did not
make much stztistical meanings to the determined mean values and have
therefore not been considered., All the sanples analysed however,
nave been found to be lacking on ome essential amino acid (threonine).
¥ith the exception of agpartic acid the raw sample has a higher con-
centration of all the amino aclds analysed than the cooked sample.
Lowever there is found no significant difference at 9% level betwecen
the mean 5% amine acid content of the raw and the cooked sampleg «ith
Epe exceptior of valine which ig compleikiy migeing in the cocked

<:é}mp1e. Thiis therefore implies that_the:amino acld content of tue raw

saople is not gignificantly higher than that of the cooked sampls,
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SAMPLE <3 o B m m m m — 4 ot & 2 o ..m s .L.a
) ® " ay o H =2 = S g pa S ° S 7 2
e -y - oo = '] —~ O m — - .u o m [T %.J o
- m - - = B (] O = By (4] -2 = = - - %
RAW
SATFLE 2,95 3.17 8.51 L.86 - 519 15.20 L.93 10.65 3.68 0,38 1,06 L.kO L.B8 L.17 2.77
wn,ac., 226 2,31 €.55 5.91 = 2,46 11.85 2.8, 8.3h 179 - 1,00 2.61 3.6L 2.82 1.8
COTYLEDON
REMOVED 0.75 1.42 2.19 2,41 - 2.62 2,46 2,04 15,02 2.67 - 0,99 0.60 2.10 3.30 =
SAMPLE

The number of determinations (n) is 2 in the case of the

1 in the case of the cotyledon-removed sample,

raw and cooked samples and
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wius reaffiming the earlier report that cooking brings about
reduction in the quantity of some amino éciris, anlthough actual
iestruction seldom occurs (McCance and Widdowson, 1969)., In a !iti
1o reduction in the biological activity of the amino acids, cooxing
1so appesrs to have lead to the destruction of valine which i: -1s¢
ne of tne indispensatle amino acids.

The raw sample also has a nigher content of all the amino :cids
nalysed [ with the exception of glycine) than the cotyledon-rem ved
sample, Inis therefore signifies that the cotyledon sample prob:tly
nas a higner concentration of all the amino acids (with the exceptic:
of glycine) than the other samples analysed. This goes om to = .es!
that the cotyledon sample has a higher concentration of the indis-
pengable anino acids than the other samples analysed. This is to be
expected vecause of the role the cotyledon plays as a food stor e
rean of the young embryo (James, 1952)., loreover, the presence

of valine in the raw sanple and its subsequent absence in the c ty-

ledon=rescved sample sugiests that the cotyledon probably cont:ins

'f?:lline.
A comparism of the essential amino acic composition of the raw

seeds of Tetracarpidium conophorum with the FAO/WHO (1973) provision

pattern and that of an egg reported by Itam et al, (1983), is siven
in table l‘|13|
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Pable 413 Essential amino acid composition of the raw seeds of
Tetracarpidium conophorum: comparism with FAC/WHC

provisional pattern anc Hgg.

g/168ﬂ— of dry

amine acid
e o
Isoleucine L 10 :1‘ L.00 6.60
Leneine L.88 ' 7.04 8.80
Lysine 2.95 5.14 6,60
Vethionine + Cysteine 1.06 ; | 3.52 540
Phenylalaznine + Tyrosine 6.95 : 6.08 10,80
Threonine _ - .? .00 500
Tryptophan - . 0. 9% 1.70
Valine 038 L.96 7440
Methonine 1.06 - -

From the above table, it becomes clear that with the exception
of igoleucine and phenylalanine + tyrosine, all the easential =asino
acids analysed in the raw sample are below the FAQ/WHG (1973) recon-
nended value, Tryptophan however could not be assessed because it

fag earlier been degiroyed during acid hydrolysis. Threonine on the
other nand is found to be completely absent,

On comparison of the estimated amounts of each of the indisrensa

mino acids required daily by human adults and children (Appendix 2)
with the aomounts of each of these amino acids present in the raw
sample anzlysed as given in table L.12, it is obvious that consumpti:.
of 100.Cbg of the dried raw sample by hunan adults (70kg) daily will
neet up tne requirements for lysine, hi@ﬁidine, isoleucine, leunine
:nd phenylalanine, whereas to meet up the same requirementg for

nmethicpnine ~nd valine, up to 250 and 800g respectively of the dried
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raw sample must have to be consumed daily. In addition, a child
(12kg) necds to consume about 1508 of the aried raw sample daily in
crder to meet up the requirements for phenylalanine, leucine,
igoleucine, methionine and lysine.

The amino acid composition of the raw sample analysed is highly
comparable with the values reported for African Walnut (Itam et al,
1983) as suown in Appendix 1. In those values for African Walnut,
the followinz amino acids are found %o have very similar contents
«ith the analysed raw sample. These include nistidine, arginine,
serine anc glutamic acid, The lysine, aspartic acid, valine, leucin
-nd phenylalanine contents of the raw sample are lower than their
corresponding values for African Walnut whereas the proline, glycine,
wetnionine, isoleucine and tyrosine contents of the former are highe:
than the corresrondirg values of the latter. Threonine is found to
ve present in African Walnut but absent in the raw sample analysed,

whereas alanine is present in the latter but lacking in the former.
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Le11 CONCLUSIONS AND RECOMMENDATIONS

As earlier reported, nuts are nature's most concentrated foods and
have a much higher nutritive value than any animal products except
cheese (Itam et al, 1983), The seeds of Tetracarpidium conophorum are
indeed rich in fats, proteins and essential elements and also have a
righ calorific value. In particular, the ratio of potassium to sodium
(21,58) and that of zinc to cadmium (27.50) obtained for the raw seeds
analysed, sgignify that the seeds are an excellent food material for
hypertensive patients since scdium aids and potassium suppresses hyper-
tention in gome humans (George, 1973) and also cadmium aids and zinc
suppresses hypertention in some humans (Schroeder, 1573), These seeds
also serve as a good source of gome essential amino acids at least at
the recommended standard of FAO/WHO (1973).

It has been found in this study, as earlier reported by MecCance and
Wwiddowson (1969), that ccoking the seed species, prior to consumption
can be paid to lead to a decrease in the amounis of some amino acids,
41lthough actual destructicn seldom occurs, It also decreases the crude
fat content, the scluble cartohydrate and the total calorific values, in

addition to a decrease in the concentration of a number of essential

nutrient elements. For instance, the ratios of potassium to sodium

(21458) and zinc to cadmium (27.50) for the raw seeds analysed, increased
to 33,78 and TL.25 respectively on the process of cooking, thus reaffirming
the earlier report by Fka (1982) that cooking decreases the concentration
of some antinutritional substances, It is thus recomnendable for the
geeds to be consumed raw, where harmless,

'ne raw cotyledon sample hasg proven to have a higher concentration
of mcet of the nutrients analysed than the other samples analysed,

particularly crude fat, solutle carbonydrate, the essential mutrient
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elements (as confirmed by its higher ash content) and most of the
egsential amino acide., Thig is certainly not unconnected with the
function of the cotyledon which acts as a food reserve for the young
embrvo,

The ecrude protein anulysis by the two methods of classical
Kieldahls distillation method and the colorimetric method of Nesslers
reagent has helped to confirm that bvoth methods are comparable for the
present analysis inspite of the earlier report that the former is more
accurate than the latter, The factors wnich make the colorimetric
method to give results wnich differ slightly from the more accurate
¥.jeldahls method at the working concentration rénge employed, are
probably not relevant for the sample analysed presently.

The fat and carbohydrate contents of the seeds of Tetracarpidium
conophorum analysed are high and thus renders it useful for various
feeding experiments zimed at assessins its biological value, Moreover,
further analysis could be made on the rineral comrosition so as to have
a broader knowledge of the concentration of variocus harmful elements
possibly present and whether cooking nas the effect of reducing the
concentration of these elements.

On the other hand, its lipid could alsc be anal ysed to estimate
the value of the esesential fatty acids present. Another information of
great nutritive egignificance, requiring further analysis is the Vitamin
guantity and cuality of the feod material. Moreover, the possible use
of the nuts in candies and in flavouring of dishes can also be considered.
These suprested areass of research will give more comprehensive data for

the seeds of Tetracarridium conophorum,
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wmmwn.ﬂvpon%ﬂ 2.0k 2.2k 1.16 1.45 2.52 2.58 1.00 1.66 1.26 = 1,08 1,51 1,72 3.31 5.1k 1.48 1.63 1.7
Tamarindus
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Apvendix 2: Batimates of the amounts of each of the indispens.cle
amine acids required by human adults and children
(Harper, 1973).

Reguirements for Human (g/day)

Essential .
hzino iclds  yoy o (70kg) Pemale (SBkg)  Child (17kg)
Methionine 0.55 0,46 R
Tryptophan 0.16 0.13 : '._0.17
Higtidine - ,;- 0,30

" Phenylalanine 0.85 | Q.70 1120
Leucine 0.88 0.72 1.20
Isoleucine 0,66 - 0.55 - 0.78
Valine 0.75 0.62 0.8
Lysine 0,66 0.55 ' 0.96
Threonine 0.L46 _ 0.38 0,56

Protein 40,00 32.00 12.00
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Appendix T TEST L E

The conditions necessary for any significance testing to oprrate

i i

are to:

{a) construct a mathematical model of the situation of which
the hypothesis to be tegted forme a part.

(b) state precisely the hypothesis to be tested,

(e) set up this hypothesis as null hypothesis (Ho) for the
population, that is to say, set it up as belng true, ny
other bypothesis is the alternative hypothesis (H,},

(d) <cefine some measure of an unsatisfactory fit,

(e) find the probability with which (on hypothesis Ho)' the
observed value could be by ch;nce, be equal to or more

i
extreme than thig measure, :

ao b . _

(f) consider what evidence this prbbhbility provides againet
the hypothesls and what action should be taken next.

(1) The probability of 1 to 20 or 0,05, expressed as significant at
P level is considereé vgignificant*,

(2) 'The probability of 1 to 100 or 0,01 expressed as significani at
14 level is considered “highly significant®,

(3) Higher probabilities of 1 to 10 or 1 to 5 give levels whicg.ure
considered not gignificant so that the sample data do not provide
evidence to reject H0 hypothesis.

( For a comparism involving any two sets of data, the appropriate

expregaion for the t-distribution is given by

%, -

%
2
22
n

2 0 r
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where 11 and 22 are the mean values of the first and second datn,

respectively.

2

34

and Sg are the variances of the first and second data respectively.

1 and n2 are the nunber of observations for the first and secon: 4zt

respectively, g

n

(i) If the value of the t - calculated is less than the tacle
ter ok (where f is the degree of freedom as n-1 and X is
the probability), the null hypothesis is accepted and the
iwo means are not significagntly different, ' |

(i3) If however the value of the t ~ calculated is greater ihnn
the table t,, o, then the null hypothesis (Ho) ig rejrcted

and the two means are eignificantly different,



